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During the last several years we have witnessed increas­
ing costs and shortages of energy from conventional sources. This 
"energy crisis" promises to be with us for some time to come unless 
we change our way of life and in addition develop new sources of 
energy. The energy crisis is spurring the development of several 
new energy sources, one of· which is solar energy. A number of ap­
plications of solar energy have been considered including heating 
and cooling of homes, domestic hot water heating, drying of ag­
ricultural products and many more. 
The economic feasibility of a solar system depends upon 
how well the system will per form in the particular location in 
which it is to be installed. The solar system can be mathemati­
cally modeled and with the aid of a digital computer the system be­
havior can be simulated over a period of time under imposed weather 
conditions. It is especially necessary to do this if the system 
involves energy storage. In order to get a true picture of the 
system performance for a given location it would be necessary to 
run the computer simulation throughout the year and for several 
past years in order to average out the variability of the weather. 
This would require a tremendous amount of computer time and would 
have to be done over for each system or system modification. 
lb 
An alternative approach is to develop a typical week 
which. would represent each month of the year. This would be de-
rived from several years of weather data. It would then only be 
necessary to run the system simulation for the typical week in 
each of the months the system would be in operation in order to 
assess its performance. 
The typical week must have not only the same mean solar 
radiation as does the data it represents, but the groupings of 
good and bad days must also be typical. Forecasting the amount 
of solar radiation intensity that will f �ll at a given location 
at some future time is not currently possible. However, the proba­
bility of a certain type of weat
.her occurring can be estimated 
with certain methods. 
Two methods �, z] obtain probability in sequences of 
wet and dry days. The analytical solution given in [1, 2] can 
not be represented as probabilities in solar radiation intensity. 
This is because the solution in �, 2] exist as expl�cit solutions 
for the weather conditions that tend to wet and dry days. 
These two works are used in the present study to deve-
lop a range of weather conditions from the sequence of two states 
to five states. To obtain a solution to this problem, the fol-
lowing two steps are involved: 
1. Analyzing an optional number of years of weather data 
resulting in a "Typical Week" which is characterized in terms of 
solar radiation. 
le 
2. Calculating the probabilities, initial and transi­
tion probabilities, for any specified sequence of Excellent, Good, 
Fair, Poor, and Bad days in solar radiation intensity from the 
number of years of record. The days are classified according to 
the level of total daily solar radiation. A procedure can be 
developed using sunshine records to accomplish this by representing 
each month of an optional number of years of weather observations 
by a "Typical Week. " The "Typical Week" is allowed to vary in 
length between five and ten days in the analysis in order to en­
able selection of a period that best represents a given month ac­
cording to specified criteria. 
With the same sunshine record data, the probabilities will· 
be produced by using a Markov Chain Theory [6] . Both the typical 
week and the probabilities representing it in this problem were 
formulated into a computer program to perform the calculations; 
this program is shown in Appendix D. 
The probabilities presented can be used to determine 
average economic gains from various patt.erns of Excellent, Good, 
Fair, Poor, and Bad days in solar radiation intensity. The use 
of "Probability of Solar Weather" will give the following kind of 
information. 
1. The probability that a given day of the year will be 
Excellent, Good, Fair, Poor, and Bad in solar radiation intensity. 
2. The probability that a given sequence of Excellent 
and/or Good , or Fair, or Poor, or Bad days in solar radiation 
2 
intensity will occur at a particular time of the year. 
3. The probability that a given number of days will be 
Excellent (Good, Fair, Poor, Bad) in solar radiation intensity 
in a particular sequence of days . 
CHAPTER II 
ANAL YS IS 
The Rel at ion ship of Sol ar Radi ation Between 
Sun and Ear th 's S urf ace 
More th an 90 million mile s aw ay from e arth , the s un 
gener ate s the energy th at dri ve s  the en tire solar sy s tem . 
Sol ar ener gy i s  recei ved in variou s w avelength s, of which 
the light that we see i s  only one part (Figure 1 ) . The ul tra violet 
wa velength portion pro vide s  ener gy for pl ant growth by photo syn -
the si s .  Radiation in the infr ared wa veleng th heat s the e arth 's 
surface . 
RADIO 
.• .r to .... ._.,"f""'l 
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F igure 1 . The Spectr um of Total Sol ar Radi at ion a t  the 
E arth 's Atmo sphere . 
Of the tot al sol ar radiation that re ache s the o uter earth 
atmo sphere , only one h alf" penetrate s to the ear th 's surf ace (Fig ure 
2). The other h alf i s  reflec ted aw ay from the e arth by cloud s or 
i s  ab sorbed w ith in the atmo sphere i tself . Part of the rad iation 
recei ved a t  the earth 's surf ace i s  that which ha s been re flec ted b y  
clou d s, so that i t  falls on th e earth 's surfac e as scatt ered or 
d iffus e radia tion ( that is , it co mes f rom all d irec tions of the 
sky) . Only about a qu ar ter of th e total sola r ra d ia �ion a t  th e 
earth 's o ut er atmos ph er e  ever reaches the grou nd d irec tly . 
Total radiation arriving (solar constant) = 100% 
C D 
Ground 
A= reflected from the ground 5 
B = reflected from the clouds 20 
C =diffuse. on the ground 23 
D = absorbed in the atmosphere 25 
E =direct, on the ground 27 
'Top• of the 
atmosphere 
4 
Figu re 2 .  Sola r  Rad ia tion r ec eiv ed at  the Ea rth 's Su rfac e. 
The amoun t of sol ar hea t  rec eiv ed at a pa rticul ar poin t 
on th e ear th 's surfac e d ep ends f irst on its r elati ve pos it ion with 
r esp ect to the s un, as ind icat ed by la ti tud e. Thus , on a n  annual 
av erage, the portion of th e earth along the equator- -0° latitud e--
rec eiv es the g reat est amount of solar radiation .  As on e go es 
fa rth er north o r  s out h fr om the equ at or , ther e.are f ewer hou rs of 
an nual sunl ight , th e pa th that the sun 's ra ys trav ers e through th e 
a tmosph ere is long er and l ess sol ar rad iat ion is r ec eived {Figu re 3) . 
Du e to cl im a te cond it ions caus ed by oc eans ,  l and for ms ,  a nd local 
al ti tude and a ver age s ky co ndi tio ns ,  the ac tu al amoun t of sol ar 
radi a tion recei ved a t  differen t locations along the same l ati tude 
va ries considerably . 
c 
Figur e J .  Pa th of Sol ar Radi a tio n th rough the E ar th 's 
A tmosphere . 
R adi a tio n Measure men t a nd Ins trumen ts 
5 
Radi a tion (Figure 4) is considered i n  two wa veleng th r anges : 
1 . Sol ar  radi a tion or s hor t-w ave radi a tion s R adi atio n 
ori ginating fro m the su n, at  a sou rce temper a tu re of abou t  6000 °K, 
and in the w a vel eng th r ange of 0 .3 to 3 .  0 )im. 
2. Lo ng -w ave radi atio ns Radiation origin a ting f ro m  sourc es 
a t  temper a tu res ne ar o rdi nary ambien t te mper a tures ,  and thus 
subs tanti ally all a t  wa velengths grea ter than J . O)tm. 
The Eppl ey pyrano meters (Figure 5)· also call ed the Epply 
R ad io me ters use thermopiles to de tec t the difference be tween the 
temper a tu re of a bl ac k surface which absorbs mos t  sol ar radi a tion , 
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,. Thermal •I Radiation 14ultr� I-l+--Rodor, TV, and Radio Violet X-rays Long •I• Short .i �.�,.. ff ,. wove wove Infrared Infrared Visible 
radio radio 25-1000 0.78-25 0.38-0.78 
Figu re 4. Spec trum of E lec tromagn etic Ra dia tion .  
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10-6 10-B I I 
Gamma •I rays 
.. 
Mos t  availabl e radiation data are fo r ho ri zon tal su rfac es , 
includ e bo th di rec t and diffus e radia tion , and w ere m easu red wi th 
Eppl ey Radiom eters .  The da ta are usual ly reco rded in a fo rm 
similar to that shown on Fi gures 6 and 7 by reco rding poten tiom eters 
( Sp eedomax H us ed a t  W ea th er R es ea rch , Ag ricul tu ral Engin eering , 
Sou th  Dako ta S ta te Univ ersi ty , Brookings ,  South Dako ta) . 
Assu mp tions 
B efo re th e p robl em can be solv ed ,  c ertain assump tions 
n eed to b e  in troduc ed .  
1 . The w ea th er typical of a giv en mon th of the y ea r  can 
be  rep res en ted by a p rop erly s el ec ted period of ti me b etw een fiv e 
and t en days in l eng th ,  called a "Typical W eek ." It is fu rth er 
requi red : (a) tha t  th e m ean radiation fo r th e "t yp ical w eek "  b e  
as n early as possibl e tha t fo r th e mon th i t  rep res en ts , calculated 
f rom all t he da ta. and (b) t hat the numb er of da ys i n  the "typical 
w eek " w hich fall in each of f iv e  cat ego ri es of radiation int ensity 
b e  as n ea rly as possibl e the same f rac tion of t hat typ e  of day as 
found in all the data fo r the month rep res ent ed. 
? 
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Figure 6. Total (beam +diffuse ) Solar Radiat ion on  a 
Horizontal Surface Versus Time for a Clear Day . 
-:-� 750 - Hourly fim• '"arks are 11\aWrl. E 
- 1.0 N 
N T1m1 i� solar t1m1. E � � � � -
c 500 .; .� 0 
.� 
.� 'O 0.5 0 'O c: 0 c: 
0 250 
0 ] (f) 0 t/) 
-- Solar Time 
Figure 7 .  To tal (beam+ diffuse ) Solar Radiati on on a 
Horizontal Surface Versus Time for a Cloudy Day. 
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9 
· 2. Re quirements for t he initial and tr ansit ion probabil ities 
are : (a) t hat t he probability of an event occ urr in g  is e xpressed 
as a n umber between 0 and 1 , and t hat t he proba bility of t he s ame 
event not occurrin g is [1 - ( t he probability of it occurrin g)] , 
and (b ) t hat initial probabilities are computed wit hout reference 
to pre vious radiation history , and that tr ansition probab il ities 
are computed by considering t he previous day . 
J .  For eac h week period , s hown in the left hand column in 
t he tables (Appendi x A ) , a "typical week" has been taken instead 
of a seven-day week period . 
Initial probabil it y  and t he 
format ion of a typical week 
Met hod 
Any n umber of ye ars of data for a p art icular mont h are 
first assembled . T hus , five years of Brookings data have been 
taken from Weat her Researc h, Agricultural Eng ineering ,  Sout h Dako ta 
S tate University , Brookings , Sout h Dakota (Appendix C ) for t he 
test case . The data s hown are for total daily sola r radiat ion . 
Accordin g to t heir radiation intensities , t he days are 
class ified into f ive different types , t hat is , E xcellent ,  Good , 
Fair , Poor , and Bad by div iding t he spread class interval between 
m in imum and max imum rad iation received into f ive e qua l parts 
(Fi gure 8) . The work c an  be arr anged as in Table 1. 
10 
TABLE l 
I NTENSI TY FRE QUENCY DISTRIBUTION 
Intensity Intensity Tall y  Intensit y  
i nter val ( x)  mark (x) (/) fre quen cy (f) 
Max .-- GL xl fl 
G L--F L x 2 f 2 
F L--PL XJ f J 
P L- -BL X4 f 4 
BL--M1n .  X5 f 5 
Total n 
Max. 
ilX Ex cellent 
G L 
�x Good 






Fi gure 8 .  I ntens ity Distr ibut ion 
, In calculating x for t he int ens ity mark ,  t he midpoint of 
t he int ensity interval can b e  tak en as representat ive of t he 
intens ity m ark ,  suc h as 
X = 
Max.+ GL 
1 2 (1) 
T he int erval si ze ,  6X, is defin ed as 
AX = Ma x. - Min .  ( 2) 5 int ervals 
11 
And ·also , to dete rmi ne t he int ensity fre quency , a tally is  k ept of 
eac h.ty pe of day t hat occurs t hroug hout all t he w eat her data . After 
eac h day has be en class ifi ed ,  t he initial p robability can be 
obtained from t he ratio of t he number of occ urenc es of eac h fre quency 
(f ) to t he total nu mber of identica l trials (n ) in a given problem . 
This is stated as fol lows : 
f Pr = -n ( J) 
Applying t he gen erali zed formula (J) to our problem , t he initial 
probabi lit ies are as follows s 
Pr (E ) n 
Pr (G) n 
f 
Pr (F)  = :1 n 
P R ( P)  n 
' ft:. 
Pr ( B) = -'­n 
1 2 
( 4) 
After the pro bability of eac h type has been generated . t he 
"typical wee k" will be obtained with t he following me thod and 
cri terion . 
a .  Met hod for generating possible wee ks 
The p robability of occurrence of eac h type of day is no rmali zed 
with each pro ba bility in tu rn .  
z1 5 =� 
II . z21 = �' z22 = �' �3 = � f��· z24 = � f��· 
Z25 =� 
III . Z31 = �' Z3 2 = �' Z3 3 = � f��' Z34 = � f;�, 
z3 5 =� 
IV• z41 = �' z4 2 = �' Z43 = � m' z44 = � m' 
Z45 =� 
V, z5 1 = �'· z5 2 = � f��' Z5 3  = �' z54 = � f;�, 
wher e z now s hows the possi ble day ( s) which wi ll be generated 
of eac h type . 
b. Cri terion for selecting the bes t  w eek . 
I .  The values of z are now rounded off to th e nearest whole 
number . 
II . Each possi ble week , shown in the 5 cases mentioned a bove , 
shou ld be wi thin five to t en days i n  le ngth . 
III . The typi cal wee k wil l be se le cted wh ich devia tes least from 
the o riginal ratios after round off . 
Ex ample 
As an ex ample determine a "typical we ek " r epresenting 5 
years of Broo kin gs dat a fo r March (1971-1975). The solu tion of 
this p roblem is des cri bed step by s tep as fo llows z 
(1) Weather data for March a re tak en from Appendix C .  The work 
can be organi zed in the fo llowing table s 
3 c. 7 5 7 7 
SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
lJ 
TABLE 2 
INTENSITY FREQUENCY DISTRIBUTION FOR MARCH 
Intensity Intensity 
interval mark Tally 
500-408 454 liH- ttH: Hli HH- 1 
408-3 1 6  .362 ii:H:- liH: liH: HH- H:H: 
HH HH H:H Hli 111 
31 6-224 270 -H:li HH HH: HH HH-
ii:H lHi- HH- 11 1 ._ 
224-132 1 78 liH: li3± HH 11 










BL • 13 2 
t::.X Bad 
Min. ' 40 
Figure 9. Intensity Distribution for March 
f rom data in March 
Max .  value = 494.2 langleys, say 500.0 la.�gleys 
Min . value = 44.J langleys, say 40.0 langleys 
.500-40 The interval size �x = 5 = 92 langleys. 






1 7  
25 
1 .5.5 
( 2) I ntensity distri bution level : 
B L  = Mi n. +AX = 40 + 9 2 = 132 langleys 
PL = BL + AX = 1 32 + 9 2 = 224 la ngleys 
F L = PL + AX = 224 + 9 2 = 316 l angleys 
GL =FL +AX = 316 + 9 2 = 408 langleys 
Max .  = GL +AX = 408 + 9 2 = 500 langleys 
( 3) Intensity mark s 
500 + 408 x = = ·454 langleys 1 2 
408 + 316 x 2 = 2 = 36 2 l angleys 
316 + 224 x = = 270 langleys 3 2 
224 + 1 32 x 4 = 2 = 178 langleys 
132 + 40 x5 = 2 = 86 langleys 
( 4) I nitial pro ba bilities : 
21 Pr (E ) = 155 = 0 . 1 35 
48 Pr ( G )  = 155 = O. Jl O  
44 Pr (F ) = 155 = 0 .
284 
Pr ( P) = i35 = 0 . 110 
Pr (B) = i�5 = 0 . 161 
15 
(5) Possible week s 
Case (a ) 
�2 = � :ig� = 1. 92 
0 .2 84 1 76 zl J  = 0 . 161 = • 
0 . 11 0 68 zl 4 = 0 . 16 1  = • 
0 . 16 1  
zl5 = Q. 1 61 = 1 .00 
Similarly 
b. z2 1  = 1.2 4, .z22 = 2 . 82, z23 = 2 . 59 , z24 = LOO, 
z25 = 1 . 47 
c .  ZJl = 0 . 48 ,  z32 = 1. 0 9, z3J = i.oo, z34 = 0 . 39 ,  
d .  z41 = 0 . 44 , z42 = 
1 . 00 , z43 = 0 . 92 ,  z44 = 0 . 35 , 
e .  z5 1 = 
1 . 00 ,  z5 2 = 
2. 29 ,  z5 3  = 2 . 1, z54 = 0 . 8 1, 
z55 = 1 . 19 
Day (s )  E G F p B. To tal days 
Se lected 1 2 2 1 1 7 
Actua l o. 84 1. 92 1. 76 0 . 68 1 6 .2 




Day ( s )  E G F p B To tal days 
Sele ct ed 1 3 3 1 1 9 
Actual 1 . 24 2 .8 2 2.59 1 1 .47 9 .1 2 
Differen ce = 1 9 - 9 .1 2 1 =0 .1 2 
Case ( c) 
Da y( s )  E G F p B Total days 
Selec ted 1 2 2 1 1 7 
A ctua l 0 .48 1.09 1 .00 0 .3 9  0 .57 3 .53 <5 
(A ct .) x 2 0 .96 2. 18 2. 00 0 . 78 1 .14 7 .06 
Differen ce = ( 7 ·- 7 .06 J = 0 .06 
Cas e (d )  
Day ( s) E G F p B Total days 
Sele cted 1 2 2 1 1 7 
A ctua l 0 .44 1 .00 0 .9 2 0 .3 5  0 .52 3 . 23 < 5 
(A ct .) x 2 0 .88 2.0 1 .84 0 .7 1 . 04  6 .46 
Difference = 1 7 - 6 .46 1 =0 . 5 4 
Case ( e )  
Day ( s )  E G F p B Total days 
Selected 1 2 2 1 1 7 
A ctual 1 .0 2.29 2.1 0 .8 1  1 .19 7 .39 
Di ff erence = f 7 - 7 .39 J = 0 .3 9  
( 6 )  Of t he 5 cases above , t he best typical w eek is  case ( c) , t hat 
is , 
Typi cal W ee k  = 1E + 2G + 2F + l P + lB = 7 days .  
Derivation of Transition 
Pro ba bilities 
Follow ing r eferen ce [1, 2] we d istinguis h betwe en initial 
and t ransition pro bability .  
The initial pro ba bi li ty is d efined as the nu mber of ye ars 
t he radiation int ensi ty t he ( t) th day was Ex cellent d ivid ed by 
t he n umber o f  years of re co rd. 
18 
The tr ansition pro ba bi lity is defined as the n umber o f  
ye ars t hat t he radia tion intensit y  the ( t) t h  and (t - l) st days we re 
Excell ent divid ed by t he n umber of years t hat t he ( t  - l) st day was 
Ex cell ent . Where t = 1, 2,---, J65 . 
The other ty pes of radiation su ch as Goo d, Fair , Poor , 
and Bad , will be tr eated in t he s ame way . 
Initial pro babilit ies have be en d erived in Se ction 1, this 
cha pter .  We now consider t he transition proba bility pro ble m. 
a .  Conditional proba bili ty [ 6, ? J 
Figu re 10 . The s ample s pace for evaluating the condi tional 
pro babili ty F(B/A) 
Let A ,and B be two events (Figure 10), such t hat 
Pr (A) > 0 
Pr ( B/A) = 
Pr (AnB ) 
Pr (B ) (5) 
w here Pr (B/A) is a conditional probability , an d  denotes t he 
probability t hat B will occ ur given t hat A has occ urre d. 
Applying for mula ( 5) to our proble m, we have 
Pr (E 1nG2) 
Pr (G 2/El ) = Pr (El ) 
Pr (E1 nF 2) 
Pr (F 2/El) = Pr (E ) 1 
Pr (E1 nP 2 
Pr ( P 2/El) = Pr (El ) 
Pr (El nB2) Pr (B z/El ) = Pr (El ) 
w here subscript 1 denotes · t he event has occurred , subscript 2 
denotes t he event will occur . 
Si milarly , t he results for 
1 9 
Pr (E 2/G 1) , Pr ( G 2/ G1 ) , Pr (F 2/G1 ) ,  Pr ( P 2/G 1) , Pr (B 2/G1) , 
Pr (E 2jF1 ) , Pr (G 2/F1) . Pr (F 2/F1) , Pr ( P 2/F1) , Pr ( B2/F1) , 
Pr (E 2/P1 ) ,  Pr (G 2/ P1 ) ,  Pr (F 2/ P1 ) , Pr ( P 2/P1 ) ,  Pr (B 2/P1 ) , 
Pr (E 2/Bl) , Pr
. ( G z/Bl) ,  Pr (F z/Bl) , Pr ( P 2/Bl) ' Pr ( B z/Bl) will 
be obtaine d by using fo rmula (5 ) .  
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b . Transition probabilities--basic concept in the Markov chains [6] . 
By definition, the conditional probability that the process moves 
to state j at time n, given that it was in state i at time n - 1, 
is called "Transition Probability." and denoted by Pij, 
P . = Pr (x = j/x = i) iJ n n-1 (6 )  
with the subscript of p indicating the direction of transition 
1 � j . The transition probabilities satisfy the conditions 
for all i and j 
n 
for every i, L Pij = 1 
j =. 1 
(7) 
( 8) 
Applying formulas ( 6 ), ( 7) , and ( 8) to our problem, the 
transition probability matrix can be written in the form: 
Where 
pll pl2 pl3 pl4 pl5 
p21 p22 p23 p24 p25 
p = p31 p32 p33 P34 p35 
p41 P42 P43 P44 P45 
p51 p52 P53 P54 p55 






2_ Pr ( E2/E1 ) 
(9) 
I Pr (F 2/E1 ) pl ) = �Pr (E 2/El ) 
Pr ( P2/E1 ) p 1 4 = �Pr (E 2/El ) 
Pr ( B2/E1 ) pl 5  = LPr (E 2/E 1) 
Pr (E 2/G1 ) P21 = LPr (E 2/G1 ) 
Pr (G 2/G1 ) 
. 
P22 = IPr (E 2/G1 ) 
Pr (F 2/G1 ) p 23 = LPr (E 2/G{J 
Pr ( P2/G l ) 
p24 = �Pr (E 2fG 1) 
Pr ( B2/G l ) 
p25 = �Pr (E 2/G l ) 
Pr (E 2/F 1 ) 
PJl = L Pr (E2/F 1 ) 
Pr (G 2/F 1 ) 
PJ2 = IPr (E 2fF1 ) 
Pr (F 2/Fl ) PJJ = �Pr (E 2/F 1 ) 
Pr (P 2/Fl ) 
P34 = I Pr (E 2/F 1) 
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Pr (B2/F1) 
PJ5 = l:Pr (E2/F 1) 
Pr (E2/P1) p41 = 2:Pr (E2/P1) 
Pr (G2/P1) P42 = �Pr (E2/P1) 
Pr (F2/P1) P43 = L Pr (E2/P1) 
Pr (P2/P1) P44 = �Pr (E2/P1) 
Pr (B2/P1) P45 = IPr (E2/P1) 
Pr ( E2/B1) p 51 = �Pr (E2/B1) 
. Pr (G2/B1) p 52 = I Pr (E2/B1) 
Pr ( F2/B1) 
p 53 = [Pr (E2/B1) 
Pr (P2/B1) P 54 = L Pr (E2/B1) 
Pr (B2/B1) p 55 = L Pr (E2/B1) 
Note t hat : 
l:Pr (E2/E1) = Pr (E2/E1) + Pr (G2/E1) + Pr (F 2/E1) + 
Pr (P2jE1) + Pr (B2/E1) 
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' LPr (E2/G1) = Pr (E2/G1) + Pr (G2/G1) + Pr ( F 2/G1 ) + 
Pr (P2/G1) + Pr (B2/G1) 
rPr (E2/F1) = Pr ( E2/F1) +Pr (G2/F1 ) + Pr (F2/F1) + 
Pr (P2/F 1) + Pr (B2/F 1) 
L Pr (E2/P1 ) = Pr ( E2/P1) + Pr (G2/P1) + Pr ( F 2/P1 ) + 
Pr (P2/P1 ) + Pr (B2/P1) 
L Pr ( E2/B1 ) = Pr ( E2/B1) + Pr (G2/B1) + Pr (F2/B1) + 
Pr (P2/B1) + Pr (B2/B1) 
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Clearly, each entry of the transition Matrix P, Pij• i, j = 1, 2, J, 
4, 5, must be nonnegative and each row must sum to one . That is: 
pll + pl2 + plJ + pl4 + pl5 = 1 
p 21 + p 22 + p 23 + p 24 + p 25 = 1 
PJl + PJ2 + PJJ + PJ4 + PJ5 = 1 
p41 + p42 + P43 + P44 + P45 = 1 
p51 + p52 + p5J + p.54 + p55 = l (10) 
c .  As an example, use the weather data in Brookings for March 
(Appendix C ) , to find transition probabilities . Derivation of 
transition probabilities by the foregoing method is rather tedious . 
For this reason, a computer program was developed for evaluating 
the above mentioned formulas . This computer program is listed in 
Appendix D . 
· The output of the computer program includes transition 
probabilities . For this example they are: 
pll = 0 . 226, pl2 = 0 .286, pl3 = 0 . 345, pl4 = 0 .071, 
pl5 = 0 .072 
p21 = 0 . 111, p22 = 0 .491, p23 = 0 . 123, p24 = 0.164, 
p25 = 0.111 
P31 = 0.105, P32 = 0 .284, P33 = 0.414, P34 = 0 . 043, 
p35 c 0.154 
P41 = 0.107, P42-= 0 .286, P43 = 0 . 143, P44 = 0.179, 
P45 ::: 0 . 285 
P51 = 0 . 127, P52 = 0 . 167, P53 = 0 .421, P.54 = 0 .071, 
p55 = 0 .214 
Directions for Use of Tables 
If the probability of a given day being Excellent in 
radiation intensity is 0 . 135, then it can be said that, on the 
average, -in about 135 years out of 1000 that particular day will 
be Excellent, or say 13 out of 100, or even 1 out of 10 .  
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There are two types of probabilities given in the tables 
(Appendix A), initial and transition .  Initial probabilities are 
computed without reference to previous weather data history, the 
method has been described in Section l .  The transition probabilities 
are computed by considering the conditions of the previous day . 
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' For example, say March 3 rd  will be Excellent, six different 
probabilities can be associated with the event. From Appendix A, 
we read the 
( 1 ) Probability that March 3 will be Excellent if March 2 is 
Excellent = 0 .226 . This is the entry EXCE/EXCE Column i . e . ,  
P (E/E ) • 
( 2 ) Probability that March 3 will be Excellent if March 2 is Good • 
0 . 111 . This is the entry EXCE/Good Column i. e . , P (E/G ) • 
(3) Probability that March J will be Excellent if March 2 is Fair = 
0 . 105 . This is the entry EXCE/Fair Column i . e . ,  P (E/F ) _ . 
( 4) Probability that March 3 will be Excellent if March 2 is Poor = 
0 . 107 . This is the entry EXCE/Poor Column i.e., P (E/P ) 
( 5 ) Probability that March 3 will be Excellent if March 2 is Bad -
0 . 127 . This is the entry EXCE/Bad Column ·i . e . ,  P (E/B ) • 
(6 ) Probability that March J will be Excellent with no consideration 
of March 2 weather = 0 . 135 . This is the entry under Excellent 
column. 
Appendix B provides the necessary information for a simple 
computation to solve problems involving periods of two or more days . 
For example, suppose the solar radiation intensity will be Excellent 
during January J-4. There are 25 possible sequences involved 
(see Appendix B, n = 2) .  The respective initial probability and 
transition probabilities are obtained from Appendix A .  
26 
· The formulas for computing the probabilities are 
a. No Excellent days 
P (s1) = P (G , G )  = P (G) P (G/G) = (0 .348) (0.488) = 0 .1?0 
P (s2) = P (G , F )  = P (G) P (F/G) = (0 .348) (0 . 161) = 0 .056 
P (SJ ) = P (G , P) = P (G) P ( P/g) = (O .J48) (0.110) = 0 .038 
P (s4) = P (G ,  B) = P (G ) P (B/G) = (0 .348) (0.071 ) = 0.025 
P (s5) = P (F , G) = P (F) P (G /F) = (0.213 ) (0 . 188) = 0 .040 
P (s6) = P (F , F) = P (F)  P (F /F) = (0.21J ) (0.232) = 0 .049 
P (s7 ) = P (F , P) = P (F )  P ( P/F) = (0 .213) (0.326) = 0.069 
P (s8) = P (F , B ) = P (F)  P (B /F) = (0 . 213 )  (0.022) = 0 .005 
P (s9 ) = P ( P ,  G) = P (P) P . (G/ P) = (0.123) (0 . 156) = 0.019 
P (s10) = P (P , F )  = P ( P) P (F/ P) = (0.123) (0 .063) = 0.008 
P (s11) = P ( P, P) = P ( P) P ( P/ P) = (0.123 )  (0 . 219) = 0.027 
P (s12) = P (P, B ) = P ( P) P (B/P) = (0 . 123 )  (0 . 281) = 0 .035 
P (s13) = P (B , G) = P (B ) P (G/ B) = (0.084) ( ) .333) = 0.028 
P (s14) = P (B , F )  = P (B) P (F/B) = (0 .084)  (0 .083) = 0.007 
P (s15) = P (B , P) = P (B) P ( P/B) = (0 .084) ( ) . 250) = 0.021 
P (s16) = P (B ,  B ) = P (B) P (B/ B) = (0 . 084)  (O . J34 ) = 0.028 
Total 0 .625 
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b .  On'e Excellent day 
P (s17) = P (E, G) = P (E) P (G/E) = (0 .2J2) (0.285) = 0.066 
P (S18) = P ( E, F) = P (E) P (F/E) = (0.232) ( O .J06) = 0 .071 
P (s19) = P ( E, P) = P (E) P (P/E) = (0 .232) (0.013) = 0.003 
p (s20) = p (E, B) = p (E) p ( B/E) = (0.232) (o) = o.ooo 
P ( s21) = P (G, E) = P ( G) P (E/G) = ( 0.348) (0.170) = 0.059 
P (s22) = P (F, E) = P (F) P (E/F) = (0.213) (0 .2J2) = 0.049 
P ( s23) = P (P, E) = P (P) P (E/P) = (0.123) (0 .281) = 0.035 
p ( s24) = p ( B, E) = p ( B) p ( E/B) = ( 0. 084) ( 0) � _o _. o_o --
Total 0.283 
c. Two Excellent days 
P (s25) = P ( E, E) = P ( E) P ( E/E) = (0.232) ( 0 . 396) = 0 .092 
Where 
I. Subscript 1 = E, 2 = G, J = F, 4 = P, 5 = B 
II. P11 = P ( E/E), P12 = P ( G/E), P13 = P (F/E), -P14 � P (P/E), 
pl5 = p ( B/E) .  
Similarly, the others will be treated in the same way. 
III. P (E) = Pr (E), P (G) = Pr (G), P (F) = Pr (F), P ( P) = Pr (P), 
P ( B) = Pr ( B) 
General points can be illustrated from this example . 
(1) In calculating the probability for any specified sequence of 
five different days ( Excellent, Good, Fair, Poor, and Bad), an 
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initial probability is associated with the 1st day, and transition 
probabilities are associated with the remaining days in the 
sequence (described in [6]) . 
(2) The probabilities in the table change from one month period to 
the next. For a sequence of days that overlaps more than one 
period, it is suggested that the probabilities appropriate to the 
week in which each day falls be used. For example, the probabilities 
were taken from the row headed February 28 - March 2. The first 
day (February 28) was taken from the row headed February 22-28. 
The last two days (March 1st and 2nd) were taken from the row 
headed March 1-9. 
(3) Probabilities associated with the number of Excellent days in 
radiation intensity 1n the two-day period can be obtained from the 
probabilities for the 25 sequences. That is, the sum of these 
25 sequences. 
The sum of the probabilities for all possible sequences must 
be equal to unity (within rounding error) . Thus in the example of 




[o Excellent days] = 0.625 
[1 Excellent day] = 0.283 
[2 Excellent days] = 0.022 
Total 1.00 
in (a) : 
This results from the fact that all possible sequences are 
given and no two could occur simultaneously because this is a set 
of mutually exclusive events. 
APPENDIX A contains initial and transition probabilities. 
APPENDIX B contains tables that show all possible sequences. 
APPENDIX C contains tables that sl'x>w five years of weather data 
for 12 months in Brookings, South Dakota. 
APPENDIX D contains computer programs that show once the input 
data is performed, the outputs are the initial 
probabilities, transition probabilities, and five 
possible weeks. 
APPENDIX E shows the reliability of hourly weather data input 
generated by using cosine curve instead of actual 
irregular curve. 
Validity 
The difference in the above example for six probabilities 
reflects the "persistence" in radiation intensity patterns. If 
today is Excellent, the chance that tomorrow will be Excellent is 
higher than the other five probabilities. If there were no such 
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"persistence," all six probabilities would be the same. Similarly, 
the other ·probabilities can be read from Appendix A. 
As shown in the left-hand column of the tables in Appendix 
A, each month is represented by a series of "typical week, " not 
necessarily all seven days in length. The probabilities shown are 
daily probabilities. The mean radiation for the typical week is 
as nearly as possible the same as that for the month it represents. 
CHAP'IER III 
EXAMPLE PROBLEMS AND COMPU1ER PROGRAf1S 
Example Problems 
To demonstrate the use of the probabilities listed in 
Append ix A ,  we consider some examples as follows: 
Example 1: Consider Brookings weather , determine the probability 
that it will be Excellent eight days from May 28  given that i t  is 
Excellent May 28 . The solution equation is: 
P (E/E) 8 by Chapman-Kolmogorov equation [6] 
then the probability of 8 consecutive Excellent days would be 
May 2 8-Jl June 1-4 
( 0 . 651)4 ( 0 . 522 )
4 
= o.OlJ 
The result is  in 13 years out of 1000 one would expect 8 consecutive 
Excellent days to o ccur . 
Example 2:  In the Brookings area , it will take at least 40 hours 
of excellent radiation for hay to dry . How many days will be 
required during the latter part of May? Assume that for the first 
day the radiation intensity is Excellent . 
40 hours ( 2  days) will be required if the first day is  
Excellent , and the following day is  Excellent .  
The possible probability for the following day from 
assumption: 
First day Second day 
p (Sl) p (E) p (E/E) 
P (s2) p (E) p (G/E) 
P (s3) p (E) P (F/E) 
p (S4) p (E) p (P/E) 
P (s5) p (E) P (B/E) 
from Appendix A 
P (s1) = P (E) P (E/E) = (0.297) ().651) = 0.193 
P (s2) = P (E) P (G/E) = (0.297) (0.2J8) = 0.071 
P (s3 ) = P (E) P (F/E) = (0.297) (0.07
4) = 0.022 
P (s4) = P (E) P (P/E) = (0.297) (0.019) = 0. 006 
P (s5) = P (E) P (B/E) = (0.297) (0. 018) = 0.005 
Case Proportion Possible hours Possible days 
s2 2 • 7 108 
4 • 5 
s3 8. 8 352 15 
s4 32 . 2  1288 64 
s5 38.6 154
4 64 
These results show the weather if in case s1, it needs 2 days; 
in case s2• 
4.5 days; in case s3, 15 days; in case s4a and 
case s5, 64 days, respectively. 
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Example 31 In Brookings area, suppose that a company would like 
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to estimate the radiation intensity for heating a place with a solar 
system during May. How much intensity can they get? How much 
energy would need to be supplied by the auxiliary equipnent (furnace 
or heater) if the total energy i.s )0, 000 J /cm2? 
The formula for computing radiation intensity is 
where 
RI = f • x = n • p • x = n • E (x) 
RI = Radiation intensity expected 
f = Intensity frequency 
n = total number of frequency 
x = Intensity mark 
p = relative probability or initial probability 
E (x) = Expected value of x 
The probabilities in May (Appendix A) and their sequences are 
listed in the following according to their values from maximum to 
minimum in order. They ares 
Transition Probabilities 
p (E/E) = 0.651 
p (G/G) = 0. 469 
p (P/B) = 0. 308 
p (B/B) = 0. 307 
p (G/F) = 0. 281 
p (E/G) = 0.253 
p (B/F) = 0.251 
Sequences 
(1) E--E 
(2) G ---G 
(3) B�P 
(4) B�B 
(5) F ___,... G 
(6) G---... E 
(7) F --- B 
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I p (E/P) = p (G/E) = 0. 238 (8) P ----E = E � G 
P (G/B) = 0.231 (9) B --.. G 
P (G/P) = P (P/P) = 0.202 (10) P---G = P----P 
P (F/P) = 0. 19 (11) P�F 
P (E/F) = 0. 187 (12) F _....E 
P (B/P) = 0. 168 (13) p __._ B 
p (F/F) = 0.156 (14) F __._ F 
P (F/G) = 0.136 (15) G _._ F 
P (P/F) = 0.125 (16) F ---. p 
P (P/G) = 0. 08 (17) G ---- p 
P (E/B) = P (F/B) = 0. 077 (18) B ---. E = B ---. F 
P (F/E) = 0.074 (19) E�F 
P (B/G) = 0. 062 (20) G�B 
p (P/E) = 0. 019 (21) E __._ p 
P (B/E) = 0. 018 (22) E-- B 
The initial probabilities ares 
P (E) = 0. 297, P (G) = o.329, P (F ) = 0. 129, P (P) - 0.129, 
p (B) = 0.116 
From the typical week in length (Appendix D) , 2 E+JG+l F+ 
1 P + 1 B = 8 days, we choose the best sequences within the typical 
week in length, that is, selecting the highest overall probabilities 
of occurrence among all possible permutations within the "week." 
Beginning with an Excellent day, we see the next most probable day 
iss 
Case l s  
E � E ---- G � G --- G � F � B � p L _ _ _  back to E _ _ _ _ _ I 
Total probabilities = P (E) P (E/E) P ( G /E) P ( G/G ) 
P (G/G) P (F/G) P (B/G) · P ( P/B) 
P (E/P) 
= (0.297) (0. 651) (0 .238) (0. 469) 
(0.469) (0 . 136) (0. 251) (0.308) 
(0.238) 
= 2.53 x 10-.5 
The other two possible higher sequences area 
Case 21 
Case Ji 
E --- E ---- G __.. G __.. G � F --- P --- B 
L _ _ _  back to E _ _ _ _  _J 
Total probabilities = P (E)  P (E/E) P ( G/E) P ( G/G) 
P ( G/G) P (F/G) P ( P/F) P (B/ P) 
p (E/B )  
= (0.297) (0.651) (0. 238) (0.469) 
(0 . 469) (0.136) (0.125) (0.168) 
(0.077) 
-6 = 2 . 23 x 10 
E ___.. E __.. G __.. G - F __.,. G __.. B --.. P L _ _ _  back to E _ _ _ _  _J 
Total probabilities = P (E)  P (E/E)  P ( G/E) P (G/G) 
P (F/G) P ( G/F) P (B/G) P ( P/B) 
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P (E/P) 
= ( 0 .297) ( 0 . 651) ( 0 . 238) (0 .469) 
(0 .136) (0 .281 ) ( 0 .062) (O .J08) 
(0 .238) 
-6 
= 3 . 75 x 10 
J5 
Apparently, case 2 and case J show two different possible "weeks" 
that could be constructed , but these are disregarded, because their 
total probabilities are less than the total probability of the 
"week" in case 1 . 
Computing the possible radiation intensity for a typical 
week (WRI ) . From Appendix D :  
where 
Typical week = Z E + 3 G + 1 F + 1 P + 1 B = 8 days 
WRI = 2� + 3XG + � + l� + l� + lXB 
= 2(648) + 3(514) + J80 + 246 + 112 
= 3, 576 langleys 
� ·  X , � ·  XP ' � = five different classes of radiation G intensities 
This estimated result is not exact for the coming 
event, only the most probable result. 
Solution (a) 
For computing monthly radiation intensity (MRI ) s 
No. of period ( NOP) 
MRI = ( NOP) (WRI ) 
= ( 3 . 785) ( 3576) 
= 13, 535 .16 langleys 
= 56 , 658 . 18 J/cm2 
� f t tal 56,658 .18 (1 ) � o o energy = 60 1 000 00 = 
Notes 
Solution ( b) 
2 1 langley = 4 .186 J/cm 
94.4% 
Total energy = Solar energy + Auxiliary energy 
Auxiliary energy = Total energy - Solar energy 
= 60, 000 - 56 , 658 .18 = J, J41 . 82 J/cm.2 
% of total energy = ia�6�082 = 5 .6% 
J6 
Solutions ( a) and ( b) show that the energy received from 
solar energy is 56, 658.18 J/cm2, from Auxiliary energy (furnace or 
heater) is J, J41 .82 J/cm2 . That is , 94.� of total energy comes 
from solar energy and 5 . 6% of total energy from Auxiliary energy 
in this example problem . 
Weather Data and Computer Programs 
1 .  Weather datas Weather Research , Agricultural Engineer-
. ing, SDSU,  Brookings, S.D., records two types of solar radiation 
data. ( a) Hourly input data. Solar radiation has been recorded 
for Brookings during the years 1971-197.5 ·  (b) The integrated 
daily totals for this period have also been recorded. The daily 
totals will be used here. 
2 . Probabilities and possible weeks: Derivation of the 
probabilities ( initial and transition) , and five possible weeks 
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(representing  a given month) is a complicated and ted ious pro cess . 
This procedure has been computerized. The input required is  the 
total daily solar radiation. The outputs are the initial 
probabilities , transition probabilities , and five possible weeks. 
The best " typical week" can be chosen from the minimum value of the 
difference among the five possible weeks . 
CHAPTER IV 
RESULTS 
Five years of total daily solar radiation data (Appendix C) 
are used to develop a "typical week" representing each month of the . 
year. The computations were carried out with the computer program 
( Appendix D ) . The most probable number of days of each type were 
determined to make up the week . These days were then sequenced in 
the most . probable manner. Hourly data was then reconstructed 
for the week by assuming a cosine variation during the daylight 
hours. The results are shown in Figures 11-a to 11- 1 for the 
twelve months of the year. 
A .  Typical W eek with i ts five categories of radiation in ten s i ty 
and number o f  per iods . 
TABLE 3 
RADIATION INTENSITY LEVELS FOR JANUARY 
( Un i t e  langley) 
Intensity In tensity Intensi ty 
Categories Interval Mark 
Excellen t  260-21.5 237 . 5 
Good 215-170 192 . 5 
Fair 170-125 147.5 
Poor 125-80 102.5 
Bad 80-35 57 . 5  
No te : the c lass ifi cation 21.5-170 actual ly m ean s  
215 > x1 :> 170 . 
Days for Typical W eek 
E G F P B To tal 
2 J 2 1 1 9 
The mean radiation for: 
Typical week = [2(237 . 5) + ; ( 192.5) + 2(147 . 5) + 102 . 5 + 57 .5] /9 
= 1507 . 5/9 = 167 . 5  
Month 
% difference 
= [169 .2 + 192.4 + 16J . J  + 187.6 + 1J6 . 5] /5 
= 849/5 = 169 . 8  
= 
167 .5-169 . 8  = 1% 
167 . 5  
° 
No .  o f  per iod =  � = J .44 ( i . e . , J weeks and 4 days ) 
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TABLE 4 
RADIATION INTENSITY LEVELS FOR FEBRUARY 
(Uni ta langley) 
Intensity Intensity Intensity 
Categories Interval Mark 
Excellent 375-313 344 
Good 313-251 282 
Fair 251-189 220 
Poor 189-127 158 
Bad 127-65 96 
Days for Typical Week 
E G F P B Total 
1 2 1 1 . 1 6 
The mean radiation fors 
Typical week = [344 + 2(282) + 220 + 158 + 96] /6 
a 1382/6 = 230 • 3  
Month 
% diff eren�e 
= [215.6 + 266 . 5  + 212 .4  + 235 + 222.9] /5 
= 1152.4/5 = 230.5 
= 
230 .3 - 230.5 = 0 1% 230 . 3  • 
No. of period = � = 4.7 (i .e., 4 weeks and 4 days) 
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TABLE 5 
RADIATION INTENSITY LEVELS FOR MARCH 
( Unit :  langley) 
Intensity Intensity Intensity 
categories Interval Mark 
Excellent 500-408 454 
Good 408-316 362 
Fair 316-224 270 
Poor 224-132 178 
Bad 132-40 86 
Days for Typical Week 
E G F P B Total 
1 2 2 1 1 7 
The mean radiation fora 
Typical week = [454 + 2(362 ) + 2(270) + 178 + 86] /7 
= 1982/7 = 283.1 
Month = [306.8 + 284 + 225 . 9  + 298 .J + 295 � 4] /5 
= 1410 . 4/5 = 282.1 
% difference = 283 . 1 - 282.1 = 0 4% 283 . 1  • 
No. of period = l! = 4 .4 (i.e., 4 weeks and 3 days) 7 
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TABLE 6 
RADIATION INTENSITY LEVELS FOR APRIL 
(Uniti langley) 
Intensity Intensity Intensity 
Categories Interval Mark 
Excellent 6J0-512 571 
Good 512-394 453 
Fair 394-276 335 
Poor 276-158 217 
Bad 158-40 99 
Days for Typical Week 
E G F P B Total 
2 2 2 1 2 9 
The mean radiation fora 
Typical week = [2(571) + 2(453) + 2(335) + 217 + 2( 99 )] /9 
= 3133/9 = 348.1 
Month = [436.5 + 321.2 + 374.8 + 402 .6 + 195.2] /5 
= 17JO.J/5 = 346.1 
% difference - 348 · 1 - 346 · 1 1= 0 6% J48.l . 
No. of period = � = J.J (i .e . , J weeks and 3 days) 
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TABLE 7 
RADIATION INTENSITY LEVELS FOR MAY 
(Units langley) 
Intensity Intensity Intensity 
Categories Interval Mark 
Excellent 715-581 648 
Good 581-447 .514 
Fair 447-313 J80 
Poor 313-179 246 
Bad 179-4.5 112 
Days for Typical Week 
E G F P B Total 
2 J 1 1 1 8 
The mean radiation for 
Typical week = [2(648)  + 3 (514) + J80 + 246 + 112] /8 
Month 
= 3576/8 = 447 
= [471 . 2 + 398 .2 + 510 . 8 + 415.6 + 459 .3] /5 
= 2255 .1/5 = 451 
% difference = 144�; 451 1 = o . 9% 
No. of period = � = J . 9 ( i.e., 3 weeks and 7 days) 
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TABLE 8 
RADIATION INTENSITY LEVELS FOR JUNE 
(Unita langley) 
Intensity Intensity Intensity 
Categories Interval M ark 
Excellent 705-584 644.5  
Good 584-463 523 . 5  
Fair 463-342 402 . 5  
Poor 342-221 281 . 5  
Bad 221-100 160.5 
Days for Typical Week 
E G F P B Total 
2 2 1 0 0 5 
The mean radiation for 
Typical week = [2(6� . 5  + 2(523 . 5) + 402 . 5]/5 
= 2738 .5/5 = 547 .7 
Month = [ 516 . 1  + 494 .3  + 535 . 1 + 582 . 3  + 461] /5 
= 2588 . 8/5 = 517 .8  
% difference = I 547 .7 - 5l7 · 8 = 6% 54? . ? 0 
No . of period = lQ = 6 ( i . e . ,  6 weeks ) 5 
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TABLE 9 
RADIATION INTENSITY LEVELS FOR JULY 
(Units  langley) 
Intensi ty Intensity Intensity 
Categories Interval Mark 
Excellent 670-562 616 
Good 562-454 508 
Fair 454-346 400 
Poor 346-238 292 
Bad 238-130 184 
Days for Typical Week 
E G F P B Total 
3 3 1 1 0 8 
The mean radiation for 
Typical week  = [ 3 ( 616 )  + 3 (508) + 400 + 292] /8 
= 4064/8 = 508 
Month = [530 .9  + 46J. 4 + 502 .4 + 512 . 9  + _542 .7] /5 
% difference = 5o35�8sio .5 = o . 5% 
No .  of period = � = 3 .9 ( i . e . ,  3 weeks and 7 days ) 
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TABLE 10 
RADIATION INTENSITY LEVELS FOR AUGUST 
( Units  langley) 
Intensity Intensity Intensity 
Categories Interval Mark 
Excellent 685-555 620 
Good 555-425 490 
Fair 425-295 360 
Poor 295-165 230 
Bad 165-35 100 
Days for Typical Week 
E G F P B Total 
1 4 2 1 0 8 
The mean radiation for 
Typical week = [620 + 4( 490) + 2( 360) + 230] /8 
= 3530/8 = 441.3 
Month � [ 505 , 9 + 368 , l + 424. 7 + 468 .6  + 414. 6] /5 
= 2181.9/5 = 436.4 
% difference - 441 ·3 - 436 • 4 = l% 441. 3 
No . of period = � = 3.9 ( i . e . , 3 weeks and 7 days) 
46 
TABLE 11 
RADIATION INTENSITY LEVELS FO R SEP'IEMBER 
(Uni t a  langley) . 
Intensity Intensity Intensity 
Categories Interval Mark 
Excellent 550-449 499.5 
Good 449-348 398 .5  
Fair 348-247 297 . 5  
Poor 247-146 196 . 5  
Bad 146-45 95 . 5  
Days for Typical Week 
E G F P B Total 
2 2 2 2 1 9 
The mean radiation for 
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Typical week = [2(499 .5) + 2(398 .5) + 2(297 . 5) + 2(196.5) + 95 . 5] /9 
= 2879 . 5/9 = 319 .9 
Month 
% difference 
= [328 .2 + 332 .1 + 298 + 385 .1 + 333 .8] /5 
= 1677 .2/5 = 335 .4 
- 319.9 - 335.4 = 5% 319.9 
No . of period = � = J .J  ( i . e . , J weeks and J days ) 
TABLE 12 
RADIATION INTENSITY LEVELS FOR OCTOBER 
( Units langley ) 
Intensity Intensity Intensity 
Categories Interval Mark 
Excellent 415-336 375 . 5 
Good 336-257 296 . 5 
Fair 257-178 217 . 5  
Poor 178-99 138 . 5  
Bad 99-20 59 . 5  
Days for Typical Week 
E G F P B Total 
2 3 1 2 1 9 
The mean radiation for 
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TY.Pical week = [2(375.5) + 3(296 . 5) + 217 . 5 + 2(138.5) + 59.5] /9 
Month 
% difference 
= 2194 . 5/9 = 243.8 
= [208 . 3  + 214 . 4 + 252 .9 + 266.6 + 248 .4] /5 
= 1190.6/5 = 238 .l 
� 1 243 .8 - 238.l = 2% - 24J.8 
No . of period = .1!. = 3 .4 ( i . e . ,  3 weeks and 4 days ) 9 
TABLE 13 
RADIATION INTENSITY LEVELS FOR NOVEMBER 
( Units  langley ) 
Intensity Intensity Intensity 
Categories Interval Mark 
Excellent  300-244 272 
Good 244-188 216 
Fair 188-1J2 160 
Poor 1J2-76 104 
Bad 76-20 48 
Days for Typical Week 
E G F P B Total 
0 2 2 2 2 8 
The mean radiation for 
Typical week = [2(216 ) + 2(160) + 2(104) + 2(48� /8 
= 1056/8 = 132 
Month = [150.3 + 104 . 1 + 138 .l + 133 .6 + 156 .2] /5 
= 682 . J/5 = 136 . 5 
% difference = l32 - 136 •5 = 3% 132 
No . of period = � = J .8 ( i . e  • •  3 weeks and 6 days ) 
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TABLE 14 
RADIATION INTENSITY LEVELS FOR DECEMBER 
(Units  langley ) 
Intensity Intensity Intensity 
Categories Interval Mark 
Excellent 250-202 226 
Good 202-154 178 
Fair 154-106 130 
Poor 106-58 82 
Bad .58-10 34 
Days for Typical Week 
E G F P B Total 
0 2 2 2 1 7 
The mean radiation for 
Typical week = [2(178) + 2(130) + 2( 82) + 34] /7 
= 814/7 = 116 .J  
Month = [129 .1 + 118 .4 + lJ0 . 6 + 128 + 98.;] /5 
= 604.4/5 = 120 . 9 
% difference - 116 ·3 - 120 ·9 = 4% 116 .3  
No . o f  period = .1! = 4 .4 ( i . e . , 4 weeks and 3 days) 7 
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B . Hourly Radiation Intensity Distribution Diagrams for Typical 
Weeks 
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A cosine curve was selected to give an approximate distri-
bution of the radiation intensity over the daylight hours . Consider 
the following characteristics of the cosine . curve . 
( 1) Describing equation (Figure 11) 
Y( t) = A  Cos (Bt) 
l[ . TI where - 2 < Bt <  2 
Intensity ,. Y( t)  
Y( t) = A  Cos ( B t )  
Time , t 
( a) 
F'igure 11 . Cosine Curve for Representing the Radiation 
Intensity .  
(2 ) Consider an integrable function Y (t ) on the interval 
t / Bt / t h Bt - .:.!!.. Bt = 2!.., and divide  the interval - 1 °' ' l '  w ere - 1 - 2 , 1 2 
-t1 < Bt <: t1 into n equal subintervals each of width B,  
where n = 2t1 
rr 1T 
B = - = -2t1 n 
( b) 
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( J )  Calculatin g the total radiation intensity area ( RI )  by 
the area under the curve , shown in Figure 10 , is 
RI "'1l Y (t) dt 
-tl 
�l A Co s (B t) dt 
tl 
Let u = Bt , du = Bdt ,  thus 










Sin (Bt) :t1 
-t
l 
from formula ( c) we have 
A = (RI)  B 2 
( c) 
(d ) 
( 4) The resul ts of cosL�e curve s for representing the 
radiation inten sitie s for typi cal weeks are shown in the following 
figures .  The curves are fit by matching the to tal dai ly rad ation 























1 .  Radiation In t � n s 1 t i e s  £or each leve l £or January are a ( Unit - Langley) 
E • 237 .5 ,  G � 192 .5 ,  F - 147 .5 ,  P • 102 . 5, B - 57 .5  
2 .  
J .  Dia.gram i 
7 12 . 5 18 2l} 
Afl PM 
7 12 . 5 18 
Ju'1 PM 
7 12 . 5 18 
AM PM 
�'1 
Hours , t 
PM 
7 1.2 . 5 18 
AM PM 
AM PM 
Figure 12 -a .  Intensity Distributio.n for Typical Week--9 days in January 
216 
12 . 5 18 
PM 











1 .  Rad iation In t ensities for each level for February are a ( Unit • Langley) 
E • J44, G = 282 , F • 220 ,  P • 158 , B " 96 
2 .  Sequenc� 
{;\__{;\__{;:) 9 �  -0-v--v---y L-- - - �ack to � - - - - - -'  
I 
60.... 3 .  Dia.gram : 
Hours, t 
0 
0 4 ? lJ 19 7. 0 







�V. PM \..1\ 
















l .  Radiation In tensities £or each level fo r � ch area (Unit • Langley) 
E - 454, G � J62 , F • 270 , P • 178 , B • 06 
2 .  Sequen ce : 
0--� 
L _ __ _ _ _ _ _  back �_E_ _ __ __ __  _;_ _ _ _  j 
J .  Diagrams Sours ,  t 
0 
6 








12 . 5  19 
PM 
12 . 5 19 188 
PM 




60 l 50 
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l .  Rad iation I n tens i ties for each level for Apri l ar e a  ( Unit • Langley) 
E - 571 , G � h5J , F • JJS, P - 217 , B • 99 
2 ,  Sequen c0-
B 0--0-0--0---G 
3 . Dia.gram& 
t back to B . 1 
L-- - - - - - - - - - - - - - - - - - · _ _ _ _ _ _ _ _ _ _ _  J 























120 5 12 . 5 12 . 5 12 . 5 
AM PM A.'1 
F igure 12-d . Intensity Distribtu1on for Typical Week--9 days in April 
PM iJ1 
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l .  Rad iation I n tensi ties for each level f o r  May area (Uni t • Langley) 
E - 648, C e 514, F - J80, P - 246, B • 112 
2 .  Sequen ces 
J .  Dia.gram : 





- - - - - - - - - - - - - - - - - - - - - - - - � 
12 . 5 20 2 
P W AM 
12 . 5  20 144 5 
PM AM 
Hours , t 
12 . 5 20 48 5 
PM Jw'1 
12 . 5 20 168 5 
FM AA'1 
12 . 5 
12 . 5 




12 . 5  
F igure 12 -e . Intensity Distribution for Typical Weak--8 days 1n May . 
20 96 . 5 
PM AM 













1 .  Rad iation In t �n s i ti e s  for each level fo r J un e  are 1  ( Unit - Langley) 
E - 644. 5, c IP 523 . 5 ,  F - 402 . S  
2 .  Sequence s 





L_ _ _ _ ba��E _ _ _ _ __ _  J 
21 24 5 
PM AM 
lJ 
Hours , t 
21 48 .5 
PM AM 
lJ 2 1  72 5 
PM AM 
Figure 12-f .  Intensity Distribution for Typical �eek--.5 days 1n June 
13 21 96 5 
PM AM 








l.  Rad iation I n t ensi ties �or each l evel fo r July are a {Uni t • Langley) 
E • 616, G • 508, F - 400 , P • 292 
2 .  - Sequence :  
�0--0-0-0--0-� L _ _ _ _ _ _ _  _E_ack � �  _ _ _ _ _ _ _ _ _  _J 
J .  Diagrams 
Hours , t 


















�b � · �1 2� ik "s i� 2{ . �68 's i� 2{ f 92 
PM 











>, +> ..-4 60 C.'l c: Q) +> 






i .  Radiation In tensities for each level £o r Augus t &re l ( Unit • Langley) 
E • 620 ,  G • 490 , F - J6o, P • 2JO . 
2 .  Sequence: 
G J..-.-/ G l---1 G !----' G 1--0--0-0--0 
back to G I L - - - - - - - - - - - - - - - - - - - - � 
Diagram: Hours, t 
0 
AM 






12.5 20 168 5 
PM IJ1 
12 .5 20 192 
PM 







>a +> or-4 
II) 



















l .  Rad iation In tensities £or each level for Septem ber area ( Unit • Langley) 
E - 499 . 5 ,  G = J9B . 5 ,  F = 297 . 5 ,  P • 196 . 5 ,  B • 95 . 5  
2 .  Sequence: 
'-- _ __ _ _ _ _ _ _  bac� to__g _ _ _ _ _ __ _ _ _ _ __J 
J .  Diagram: P.ours , t 
6 12 . 5  19 24 6 12 . 5  19 48 6 12 . 5 19 12 
AM PM AM PM AM PM AM 
6 12 . 5 19 l44 6 12 . 5  19 168 6 12 . 5  19 192 6 12 .5 19 -2116 
AM PM AM PM Ai.'1 PM AM 'PM 




>. -+> � 
tll 
s:: Q) -+> 
s:: 
H 
1 .  Rad iation In ten s ities for each level for October are a ( Unit • Langley) 
E • 375 -5 ,  G • 296 .5 ,  F - 217 . 5 , P • lJ8 . 5� B • 59 . 5  
2 .  Sequencer  
- back to G � - -- -- -- -- -- -- -- - - - - - - - - - - - - - - - �  
6 
J .  Dia.grami P.ours , t 
u I Ja I 11 0 6 l2 18 24 6 l2 18 6 12 18 











F igure 12-j . Intensity Distribution for Typical We6k--9 days in October 


















1 .  Rad iation In tensities for each level fo r November area ( Unit - Langley) 
G - 216 ,  F - 160 , P • 104, B - 48 
2 .  Sequence s 
J . DiagraJ:: 
I 
I . back to B · I L - - - - - - - - - - - - - - - -· _ _ _ _ _ _  ...J 
7 12 17 




PM AM R1 
















1 .  Rad iation In tens1t1s £or each level for D�cember area ( Unit - Langley) 
G - 178,  F • lJO , P - 82 ,  B - J4 
2 .  Sequen c e s  
L- - - -- - - - ��� � - - - - - - - -� 
J .  Dia.grams Hours , t 
0 ? 12 17 2� 7 l2 17 48 7 l2 17 72 7 
AM PM AM PM .l\M PM 
JO 
20 
1:1 1�. , A 1  
120 7 l2 17 l� 7 12 17 1 8 
AM PM AM PI1 
Figure 12 -1 . Int�"lsity Distribution for Typical 'Week--7 days in December 
AM 









A typical week of solar radiation has been constructed 
representing each month of the year in Brookings ,  S .D .  This 
" typical week" is  based on the past five years of weather data . 
It satisfies the following criteriaa 
1 . The average daily solar radiation for the week is  the 
same as for all of the months 1n the previous five years (within 
6%) .  
2 .  The frequencies of the various types of days are the 
same as occur in the data . 
J .  The sequence of the various types of days is  the most 
probable based on the whole month for the previous 5 years . 
4 .  Average hourly variations have been reconstructed 
using a cosine variation during the daylight hours . The hourly 
data reconstructed in this manner can now be used to analyze a 
solar system with the simulation program TRNSYS . The performance 
of the system including the storage capability can then be 
evaluated . 
In order to do a performance evaluation over the whole 
year it would be only necessary to run only the twelve "weeks" 
Whi ch would simulate each month in turn throughout the year . 
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Typical Week Excellent Good Fair Poor Bad 
Jan (9 days) 0 . 232 0 . 348 0 . 123 0 . 123 0 . 084 
Feb (6 days) 0 . 179 0 .271 0 .236 0 . 171 0 . 143 
Mar ( 7  days) 0 . 135 0 . 310 0 .284 0 . 110 0 . 161 
Apr ( 9 days) 0 . 227 0 . 240 0 . 173 0 . 133 0 .227 
May ( 8  days) 0 .297 0 .329 0 . 129 0 . 129 0 . 116 
Jun ( 5 days) 0 .373 0 . 353 0 . 167 0 . 053 0 . 054 
Jul ' ( 8 days) 0 .387 0 . 387 0 . 116 0 . 077 0 . 033 
Aug ( 8 days) 0 . 135 0 . 497 0 . 194 0 . 129 0 . 045 
Sep ( 9 days) 0 . 193 0 . 380 0 . 173 0 . 153 0 . 101 
Oct ( 9  days) 0 . 194 0 . 342 0 . 148 O e 206 0 . 110 
Nov (8 days) 0 . 053 0 . 207 0 . 280 0 . 213 0 . 247 
Dec ( 7  days) 0 . 058 0 . 271 0 . 265 0 . 252 0 . 155 
Probability that a given day will be excellent or goo
d or 




TRANSITION PROBABILITY--THE FIRST DAY IS EXCELLENT 
Typical Week Exce/Exce Good/Exce Fair/Exce Poor/Exce Bad/Exce 
Jan (9 days)  0 . 396 0 .285 0 . 306 0 . 013 0 . 0  
Feb (6  days ) 0 .383 0 .272 0 . 222 0 . 100 0 . 023 
Mar ( 7  days) 0 .226 0 .286 O . J45 0 . 071 0 . 072 
Apr ( 9  days)  0 .475 O .J25 0 . 050 0 . 100 0 . 050 
May (8 days) 0 .651 0 . 238 0 . 074 0 . 019 0 . 018 
Jun (5 days ) 0 . 522 0 . 213 0 . 164 0 . 056 0 . 045 
Jul ( 8 days ) 0 .432 0 .390 0 . 101 0 . 051 0 . 026 
Aug ( 8 days)  0 .417 0 . 472 0 . 069 0 . 042 o . ooo 
Sep (9 days ) O . J'.33 0 .365 0 . 073 0 . 177 0 . 052 
Oct (9 days) 0 . 515 0 . 162 0 . 123 0 . 093 0 . 107 
Nov ( 8 days ) 0 . 357 0 .286 0 .214 o . o 0 . 143 
Dec ( 7  days ) 0 . 500 0 . 188 0 . 125 0 . 187 o . o 
Probability that a given day will be excellent or good 
or 





TRANSITION PROBABILITY--THE FIRST DAY IS  GOOD 
Typica� Week Exce/Good Good/Good Fair/Good Poor/Good Bad/Good  
J an  ( 9 days) 0 . 170 0 .488 0 . 161 0 . 110 0 . 071 
Feb (6 days ) 0 . 188 0 . 388 0 . 185 0 . 13 0 0 . 109 
Mar (7 days ) 0 . 111 0 .491 0 . 123 O o l64 0 . 111 
Apr (9 days ) 0 . 304 0 . 326 0 . 152 0 . 152 0 . 066 
May ( 8 days ) 0 .253 o .469 0 . 136 0 . 080 0 . 062 
Jun ( 5 days ) 0 . 366 0 . 384 0 . 155 O . OJO 0 . 065 
Jul (8 days ) 0 . 371 o .463 0 . 089 0 . 060 0 . 017 
Aug ( 8 days ) 0 . 086 0 .694 O o l53 0 . 046 0 . 021 
Sep ( 9 days ) 0 . 104 0 . 579 0 . 143 0 . 07.3 0 . 101 
Oct (9 days ) 0 . 060 0 . 557 0 . 083 0 . 2.53 0 . 047 
Nov ( 8 days ) 0 . 087 0 . 373 0 . 373 0 . 040 0 . 127 
Dec (7 days) 0 . 093 o .420 0 .293 0 . 160 O .JJ4 
Probability that a given day will be excellent or good or 




TRANSITION PROBABILITY--THE FIRST DAY IS FAIR 
Typical Week Exce/Fair Good/Fair Fair/Fair Poor/Fair Bad/Fair 
Jan (9 days ) 0 .232 0 . 188 0 .232 0 . 326 0 . 022 
Feb ( 6 days}  0 . 117 0 .299 0 .345 0 . 148 0 . 091 
Mar ( 7  days } 0 . 105 0 . 284 0 .414 0 . 043 0 . 154 
Apr ( 9  days ) 0 .262 0 .259 0 . 275 0 . 094 0 . 110 
May ( 8  days) 0 . 187 0 , 281 0 . 156 0 . 125 0 .251 
Jun ( 5  days)  0 . 167 0 . 422 0 . 353 o . o 0 . 058 
Jul ( 8 days)  0 .269 0 . 308 0 . 269 0 . 038 0 . 116 
Aug (8 days)  0 . 067 0 . 258 0 . 375 0 . 283 0 . 017 
Sep ( 9  days ) 0 . 079 o .439 0 . 219 0 . 132 0 . 131 
Oct ( 9  days)  0 . 206 o . 441 0 . 147 0 .206 o . o 
Nov ( 8 days)  o . o 0 . 190 0 . 363 0 . 133 0 . 3 14 
Dec ( 7  days ) 0 . 049 0 . 277 0 . 284 0 . 242 0 . 148 
Probability that a given day will be excellent or good or 





TRANSITION PROBABILITY--THE FIRST DAY IS POOR 
Typ,ical Week Exce/Poor Good/Poor Fair/Poor Poor/Poor Bad/Poor 
Jan (9 days) 0 . 281 0 . 156 0 . 063 0 . 219 0 .281 
Feb (6 days) 0 . 107 0 . 125 0 . 321 0 . 339 0 . 108 
Mar ( 7 days ) 0 . 107 0 . 286 0 . 143 0 . 179 0 .285 
Apr ( 9  days ) 0 . 054 0 .357 0 . 071 0 . 196 0 .322 
May ( 8 days ) 0 .238 0 . 202 0 . 190 0 . 202 0 . 168 
Jun ( 5  days) 0 . 286 0 . 214 O e l43 0 . 214 0 . 143 
Jul ( 8 days) 0 . 364 0 � 091 0 . 136 O . J64 0 . 045 
Aug ( 8  days ) 0 . 063 0 . 219 0 .406 0 . 187 0 . 125 
Sep ( 9  days ) 0 .250 0 . 208 0 . 187 0 . 229 0 . 126 
Oct ( 9  days ) 0 . 167 0 . 206 0 . 278 0 . 198 0 . 151 
Nov ( 8  days ) 0 . 045 0 . 227 0 . 258 0 . 356 0 . 114 
Dec ( 7 days) 0 . 0 0 . 206 0 . 262 0 . 302 0 . 230 
Probability that a given day will be excellent or  good or 
fair or poor or bad from the range of solar radiation intensity . 
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TABLE 20 
TRANSITION PROBABILITY--THE FIRST DAY IS  BAD 
Typical Week Exce/Bad Good/Bad Fair/Bad Poor/Bad Bad/Bad 
Jan (9 days ) o . o 0 . 333 0 . 083 0 . 250 0 . 334 
Feb (6 days ) 0 . 115 0 . 038 0 . 192 0 . 244 0 .411 
Mar ( 7 days ) 0 . 127 0 . 167 0 .421 0 . 071 0 . 214 
Apr (9 days ) 0 . 045 0 . 061 0 . 144 0 . 098 0 . 652 
May ( 8 days ) 0 . 077 0 . 231 0 . 077 0 . 308 0 . 307 
Jun ( 5 days ) 0 .250 0 . 500 0 . 125 0 . 125 0 . 0 
Jul (8 days ) 0 . 600 o . o o .4oo 0 . 0 o . o 
Aug ( 8 days ) 0 . 167 o . o 0 . 083 0 . 583 0 . 167 
Sep (9 days ) 0 . 083 0 . 208 0 . 167 o . 417 0 . 125 
Oct ( 9 days ) 0 . 0?? 0 . 269 0 . 077 0 . 115 o . 462 
Nov ( 8 days ) o . o 0 . 079 0 . 190 0 . 341 0 . 390 
Dec ( 7 days ) o . o 0 . 105 0 . 184 0 . 412 0 . 299 
Probability that a given day will be excellent or good or 






· The following table lists all possible sequences of 
Excellent , Good ,  Fair , Poor ,  and Bad days for periods of length 
n = 2 ,  J ,  and 4 days . The sequences are grouped accord ing to the 
number of  Excellent (Good or Fair or Poor or Bad ) days . 
TABLE 21 
SEQUENCES 
No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No .  
N = 2 0 B ,  p s15 
B ,  B s16 
0 G ,  G s1 
G ,  F s2 817 1 E ,  G 
G ,  p SJ F 818 E ,  
G ,  B S4 E ,  p 819 
F ,  G s5 E ,  B 820 
F , F s6 G ,  E s21  
F ,  p s7 F ,  E 822 
F ,  B SB P ,  E 823 
P ,  G s9 B ,  E 824 
P ,  F 810 
P ,  p 811 2 E ,  E 825 
P ,  B 812 
B ,  G s13 
N = 3 
B ,  It" 814 0 G,  G ,  G s1 
• • 
TABLE 2 1--Continued 
No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No . 
0 G ,  G ,  F s2 0 F ,  F ,  p s23 
G ,  G ,  p SJ F ,  F ,  B 324 
G ,  G ,  B S4 F ,  P ,  G 525 
G ,  F ,  G s5 F ,  
P ,  F 326 
G ,  F ,  F ,  s6 F ,  P ,  p 827  
G ,  F ,  p s7 F , P ,  B 828  
G ,  F ,  B .SB F ,  B ,  G 329 
G ,  P ,  G s9 F , 
B ,  F SJO 
G ,  P ,  F 310 
F ,  B ,  p SJl  
G ,  P ,  p 311 
F ,  B ,  B 832 
G ,  P ,  B s12 
P ,  G ,  G S33 
G ,  B ,  G s13 
P ,  G ,  F 334 
G ,  B ,  F 314 
P ,  G ,  p 535 
G ,  B ,  p 315 
P ,  G ,  B SJ6 
G ,  B ,  B 516 
P ,  F ,  G SJ? 
F ,  G ,  G 517 
P ,  F , F SJB 
F ,  G ,  F 318 
P ,  F ,  p s39 
F ,  G ,  p 319 
P ,  F ,  B S40 
F ,  G ,  B 820 
P ,  P ,  G S41 
F ,  F ,  G 321 
P ,  P ,  F 842 
F ,  F ,  F s22 
P ,  P ,  p 843 
· 77 
TABLE 21--Continued 
No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No . 
0 P ,  P ,  B s44 1 E ,  
G ,  G s6.5 
P ,  B ,  G s4.5 E ,  G ,  F 866 
P ,  B ,  F 846 E ,  G ,  p s67 
P ,  B ,  p S47 
E ,  G ,  B 368 
P ,  B ,  B 848 
E ,  F ,  G 869 
B ,  G ,  G 849 
E ,  F ,  F s70 
B ,  G ,  F s50 
E ,  F ,  p s71 
B ,  G ,  p s.51 
E ,  F ,  B 572 
B ,  G ,  B 852 
E ,  P ,  G 573 
B ,  F ,  G 853 
E ,  P ,  F S74 
B ,  F ,  F S54 E ,  P ,  p s7.5 
B ,  F ,  p s.55 
E , P ,  B 576 
B ,  F ,  B 356 
E ,  B ,  G 577 
B ,  P ,  G s.57 
E ,  B ,  F 878 
B ,  P ,  F s.58 
E, B ,  p 379 
B ,  P ,  p s.59 
E , B ,  B 5so 
B ,  P ,  B 860 
G ,  E ,  G 5s1 
B ,  B ,  G 561 G , E ,  F 5s2 
862 
G , E ,  p 883 B ,  B ,  F 
863 
G ,  E ,  B S34 B ,  B ,  p 
B ,  B ,  B 864 




No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No . 
1 F ,  E ,  F 586 1 P ,  P ,  E s107 
F ,  E ,  p SB? P ,  B ,  E s1oa 
F ,  E ,  B 3aa B ,  G ,  E 3109 
P ,  E ,  G 389 B ,  F ,  E 3110 
P ,  E ,  F 390 B ,  P ,  E s111 
P ,  E ,  p 591 B ,  B ,  E s112 
P ,  E ,  B 592 
B ,  E ,  G 593 2 
E ,  E ,  G 3113 
B ,  E ,  F 594 
E ,  E ,  F 3114 
B ,  E ,  p s95 
E ,  E ,  p s115 
B ,  E ,  B 396 
E ,  E ,  B 8116 
G ,  G ,  E 597 
E ,  G ,  E 8117 
G ,  F ,  E 398 
E ,  F , E 3118 
G ,  P ,  E 899 
E ,  P ,  E 8119 
G ,  B ,  E 3100 
E ,  B ,  E s120 
F ,  G ,  E 8101 
G ,  E ,  E s121 
F ,  F ,  E 8102 
F ,  E ,  E 3122 
F ,  P ,  E 8103 
P ,  E ,  E 3123 
F ,  B ,  E 8104 
B ,  E ,  E 3124 
P ,  G ,  E 8105 
P ,  F ,  E 8106 
3 E ,  E ,  E 3125 
• 
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TABLE 2 1--Continued 
No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No . 
N = 4 0 G ,  F, G ,  B s20 
G ,  F ,  F ,  G 321  
0 G ,  G ,  G ,  G s1 G ,  F ,  F ,  F s22 
G ,  G ,  G ,  F s2 G ,  F ,  F ,  p s23 
G ,  G ,  G ,  p SJ G ,  F ,  F ,  B 324 
G ,  G ,  G ,  B S4 G ,  F ,  P ,  G 825 
G ,  G ,  F ,  G �5 G ,  F ,  P ,  F 326 
G ,  G ,  F ,  F s6 G ,  F ,  P ,  p 327 
G ,  G ,  F ,  p s7 . G ,  F ,  P, B 328  
G ,  G ,  F ,  B Sa s29 G ,  }t.., , B ,  G 
G ,  G ,  P ,  G s9 B ,  F SJO G ,  F ,  
G ,  G ,  P ,  F 510 G ,  F ,  B ,  p 331 
G ,  G ,  P ,  p 511 F ,  B ,  B 332 G ,  
G ,  G ,  P ,  B s12 P ,  G ,  G 333 G ,  
G ,  G ,  B ,  G 313 G ,  P ,  G ,  F 534 
G ,  G ,  B ,  F 314 G ,  P ,  G ,  p 335  
G ,  G ,  B ,  p 515 G ,  P ,  G ,  B 536 
G ,  G ,  B ,  B 316 G ,  P ,  F ,  G 337 
G ,  F ,  G ,  G 517 G ,  P , F ,  F 538 
G ,  F ,  G ,  F 318 G ,  P ,  F ,  p 539 
G ,  F ,  G ,  p 519 G ,  P ,  F ,  B 340 
80 
TABLE 21--Continued 
No . of Possible Sequence No . of Possible Sequence 
Exce days Sequen ces No . Exce days Sequences No . 
0 G ,  P ,  P ,  G 841 0 G ,  B ,  B ,  F s62 
G �  P,  P ,  F 342 G ,  B ,  B ,  . P s6J 
G ,  P ,  P ,  p 343 G ,  
B ,  B ,  B 864 
G ,  P ,  P ,  B S44 F ,  G ,  G ,  G 865 
G ,  P ,  B ,  G 845 
F ,  G ,  G ,  F s66 
G ,  P ,  B ,  F s46 F ,  G , 
G ,  p 367 
G ,  P ,  B ,  p 347 F ,  G ,
 G ,  B 368 
G ,  P ,  B ,  B 348 
F ,  G ,  F ,  G 369 
G ,  B ,  G ,  G S49 
F ,  G ,  F ,  F 870 
G ,  B ,  G ,  F s50 
F ,  G ,  F ,  p 371 
G ,  B ,  G ,  p s51 
F ,  G ,  F ,  B 872 
G ,  B ,  G ,  B s.52 
F ,  G ,  P ,  G 373 
G ,  B ,  F ,  G s.53 
F ,  G ,  P ,  F 374 
G ,  B ,  F ,  F s.54 
F ,  G , P ,  p s7.5 
G ,  B ,  F ,  p s,, 
F ,  G ,  P ,  B 376 
G ,  B ,  F ,  B s.56 
F ,  G ,  B ,  G 377 
G ,  B ,  P ,  G s.57 
F ,  G ,  B ,  F 878 
G ,  B ,  P ,  F S58 
F ,  G , B ,  p 379 
G ,  B ,  P ,  p s.59 
F ,  G , B .  B 3so 
G ,  B ,  P ,  B 360 
F ,  F , G ,  G 8a1 
s61 




No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Seguences No . 
0 F ,  F ,  G ,  p 883 0 F ,  P ,  P ,  G sl05 
F ,  F ,  G ,  B s84 F ,  P ,  P ,  F s106 
F ,  F , F ,  G sa5 
F ,  P ,  P ,  p 8107 
F ,  F ,  F ,  F 586 F ,  P ,  P ,  B sl08 
F ,  F ,  F ,  p s87 
F ,  P ,  B ,  G sl09 
F ,  F ,  F ,  B sas 
F , P ,  B ,  F SllO 
F ,  F ,  P ,  G 889 
F ,  P ,  B ,  p 8111 
F ,  F ,  P ,  F s90 F ,  
P ,  B ,  B s112 
F ,  F ,  P ,  p 891 
F ,  B ,  G ,  G 3113 
F ,  F ,  P ,  B 392 
F, B ,  G ,  F 3114 
F ,  F ,  B ,  G s9J 
F ,  B ,  G ,  p 3115 
F ,  F ,  B ,  F S94 
F, B ,  G ,  B 3116 
F ,  F ,  B ,  p S95 
F ,  B ,  . F ,  G 8117 
F ,  F ,  B ,  B 596 
F ,  B ,  F ,  F 8118 
F ,  P ,  G ,  G 597 
F ,  B ,  F ,  p 81 19 
F ,  P ,  G ,  F 898 
F ,  B ,  F ,  B 3120 
F ,  P ,  G ,  p 599 
F ,  B ,  P ,  G 3121 
F ,  P ,  G ,  B 8100 
F ,  B ,  P ,  F 3122 
F ,  P ,  F ,  G 8101 
F ,  B ,  P ,  p 8123 
F ,  P ,  F ,  F 8102 
F ,  B ,  P ,  B 3124 
8103 
F , B ,  B ,  G 3125 F ,  P ,  F ,  p 




No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No . 
0 F ,  B , B ,  p 8127 
0 P ,  F ,  G ,  B 8148 
F ,  B ,  B ,  B 5128 
P ,  F ,  It\ G 5149 
P ,  G ,  G ,  G 8129 
P ,  F , F ,  F 8150 
P ,  G ,  G ,  F 8130 
P ,  F ,  F ,  p 8151 
P ,  G ,  G ,  p 8131 
P ,  F ,  F ,  B 8152 
P ,  G ,  G ,  B 8132 
P ,  F ,  P ,  G 8153 
P ,  G ,  F ,  G 5133 
P ,  F ,  P ,  F 5154 
P ,  G ,  F ,  F 8134 
P ,  F ,  P ,  p 8155 
P ,  G ,  F ,  p 5135 
P ,  F ,  P ,  B 8156 
P ,  G ,  F ,  B 8136 
P ,  F ,  B ,  G s157 
P ,  G ,  P,  G s13 7 
P ,  F ,  B ,  F 8158 
P ,  G ,  P ,  F 5138 
P ,  F ,  B ,  p 5159 
P ,  G ,  P ,  p 5139 
P ,  F ,  B ,  B 5160 
P ,  G ,  P ,  B 5140 
P ,  P ,  G ,  G 5161 
P ,  G ,  B ,  G 5141 
P ,  P , G ,  F 5162 
P ,  G ,  B ,  F 5142 
P ,  P ,  G ,  p 5163 
P ,  G ,  B ,  p 5143 
P ,  P ,  G ,  B 8164 
P ,  B 8144 
P ,  P ,  F ,  G 5165 G ,  B ,  
5145 
P ,  P ,  F ,  F 8166 P ,  F ,  G ,  G 
5146 
P ,  P , F ,  p 5167 P ,  F ,  G ,  F 
P ,  P , . F ,  B 5168 




No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No .  
0 P ,  P ,  P ,  G s169 
0 P , B ,  B ,  F s190 
P ,  P ,  P ,  F Sl?O 
P ,  B ,  B ,  p s191 
P ,  P ,  P ,  p s171 
P ,  B ,  B ,  B s192 
P ,  P ,  P ,  B s172 
B ,  G ,  G ,  G s193 
P ,  P ,  B ,  G s173 
B ,  G ,  G ,  F s194 
P ,  P ,  B ,  F s174 
B ,  G ,  G ,  p s195 
P ,  P ,  B ,  p 3175 
B ,  G ,  G ,  B 3196 
P ,  P ,  B ,  B S176 
B ,  G ,  F ,  G 3197 
. P ,  B ,  G ,  G s177 
B ,  G ,  F ,  F 3198 
P ,  B ,  G ,  F s178 
B ,  G ,  F ,  p s199 
P ,  B ,  G ,  p 3179 
B ,  G ,  F ,  B s200 
P,  B ,  G ,  B 3180 
B ,  G ,  P ,  G 3201  
P ,  B ,  F ,  G s1a1 
B ,  G ,  P ,  F s202 
P ,  B ,  F ,  F 3182 
B ,  G ,  P ,  p s203 
P ,  B ,  F ,  p 3183 
B ,  G ,  P ,  B 3204 
P ,  B ,  F ,  B 3184 
B ,  G ,  B ,  G 3205 
P ,  B ,  P ,  G 3185 
B ,  G ,  B ,  F 3206 
P ,  B ,  P ,  F 3186 
B ,  G ,  B ,  p 3207 
p 3187 
B ,  G ,  B ,  B 3208 P ,  B ,  P ,  
3188 
B ,  F , G ,  G 3209 P ,  B ,  P ,  B 




No . of Possible Sequence No . of Po s s ible Sequence 
Exce days Sequences No . Exce days Sequences No . 
0 B ,  F ,  G ,  p s211 0 B , P ,  F ,  B s232 
B ,  F ,  G ,  B 5212 B ,  P ,  P ,  G s2JJ 
B ,  F ,  F ,  G 5213 
B ,  P ,  P ,  F 8234 
B ,  F ,  F ,  F 8214 B ,  P ,  P ,  p 8235 
B ,  F ,  F ,  p s215 
B ,  P ,  P ,  B 8236 
B ,  F ,  F ,  B s216 B ,  P ,  B ,  G 8237 
B ,  F ,  P ,  G s217 
B ,  P ,  B ,  F 8238 
B ,  F ,  P ,  F 8218 B ,  P ,  B ,
 p 8239 
.B , F ,  P ,  p 8219 
B ,  P ,  B ,  B 8240 
B ,  F , P ,  B s220 
B ,  B , G ,  G 8241 
B ,  F ,  B ,  G 8221 
B ,  B ,  G ,  F 8242 
B ,  F ,  B ,  F s222 B ,  B ,  G ,  p 8243 
B ,  F ,  B ,  p 8223 
B ,  B ,  G ,  B 8244 
B ,  F ,  B ,  B s224 
B ,  B ,  F ,  G 8245 
B ,  P ,  G ,  G 5225 
B ,  B ,  F ,  F 8246 
B ,  P ,  G ,  F 8226 
B ,  B ,  F ,  p s247 
B ,  P ,  G ,  p 8227 
B ,  B ,  F ,  B 8248 
B ,  P ,  G ,  B s22s 
B ,  B ,  P ,  G 8249 
B ,  P ,  F ,  G s229 
B ,  B ,  P ,  F 3250 
B ,  P ,  F ,  F S230 
B ,  B ,  P ,  p 8251 
B ,  P ,  F ,  p S231 
B ,  B , . P ,  B 8252 
-
TABLE 21--Continued 
No . of Possible Sequence No . of Possible Sequence 
Exce days Sequenc::es No . Exce days Sequences No . 
0 B ,  B ,  B ,  G s253 1 E ,  F , G ,  G s273 
B ,  B ,  B ,  F 8254 E ,  F ,  G ,  F s274 
B ,  B ,  B ,  p S255 E ,  F ,  G ,  p s275 
B ,  B ,  B ,  B S256 E ,  F ,  G ,  B S276 
E ,  F ,  F ,  G s·277 
1 E ,  G ,  G ,  G s257 E ,  F ,  F ,  F 8278 
E ,  G ,  G ,  F 8258 E ,  F ,  F ,  p 8279 
E ,  G ,  G ,  p 8259 E ,  F ,  F ,  B 8280 
E ,  G ,  G ,  B 8260 E ,  F ,  P ,  G 8281 
E ,  G ,  F ,  G 8261 E ,  F ,  P ,  F 8282 
E ,  G ,  F ,  F 8262 E ,  F ,  P ,  p s283 
E ,  G ,  F ,  p s263 E ,  
F ,  P ,  B s284 
E ,  G ,  F ,  B 8264 E ,  F ,  
B ,  G 8285 
E ,  G ,  P ,  G 8265 
E ,  F ,  B ,  F 8286 
E ,  G ,  P ,  F 8266 E ,  F ,  B ,  p 8287 
E ,  G ,  P ,  p 8267 
E ,  F ,  B ,  B 8288 
E ,  G ,  P ,  B 8268 E
,  P ,  G ,  G 8289 
E ,  G ,  B ,  G 8269 
E ,  P ,  G ,  F S290 
E ,  G ,  B ,  F 8270 
E ,  P ,  G ,  p 8291 
E ,  G ,  B ,  p 8271 
E , P ,  G ,  B 8292 
E ,  G ,  B ,  B 8272 




No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No . 
1 E ,  P ,  F ,  F s294 1 E ,  B ,  P ,  p SJ 15 
E ,  P ,  F ,  p s295 E ,  B ,  P ,  B SJ 16 
E ,  P ,  F ,  B S296 E ,  B ,  B ,  G s3 17 
E ,  P ,  P ,  G 8297 E ,  B ,  B ,  F SJ 18 
E ,  P ,  P ,  F 8298 E ,  B ,  B ,  p s3 19 
E ,  P ,  P ,  p s299 E ,  B ,  B ,  B SJ20 
E ,  P ,  P ,  B S300 G ,  E ,  G ,  G 
SJ21 
E ,  P ,  B ,  G 8301 G ,  
E ,  G ,  F s322 
E ,  P ,  B ,  F S302 
G ,  E ,  G ,  p S323 
E ,  P ,  B ,  p 3303 
G ,  E ,  G ,  B 8324 
E ,  P ,  B ,  B S304 
G ,  E ,  F ,  G S325 
E ,  B ,  G ,  G s 
J05 
G ,  E ,  F ,  F 3326 
E ,  B ,  G ,  F 8306 
G ,  E ,  F ,  p 8327 
E ,  B ,  G ,  p 8307 
G ,  E ,  F ,  B SJ28 
E ,  B ,  G ,  B SJ08 
G ,  E ,  P ,  G SJ29 
E ,  B ,  F ,  G 3309 
G ,  E , P ,  F SJJO 
E ,  B ,  F ,  F SJlO 
G ,  E ,  P ,  p SJJl 
E ,  B ,  F ,  p 3311 
G ,  E ,  P ,  B 3332 
E ,  B ,  F ,  B S312 
G ,  E ,  B ,  G SJJJ 
E ,  B ,  P ,  G SJlJ 
G ,  E ,  B ,  F SJJ4 
P ,  F SJ14 
G ,  E , . B ,  p 5335 E ,  B ,  
-
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TABLE 2 1--Continued 
No . o f  Possible Sequence No . of Po ssible Sequence 
Exce days Sequences No . Exce days Sequences No . 
1 G ,  E ,  B ,  B 8336 1 P ,  E ,  F ,  G 83 57 
F ,  E ,  G ,  G 8337 
P ,  E ,  F ,  F 8358 
F ,  E ,  G ,  F S338 P ,  E ,  F ,  p 83 59 
F ,  E ,  G ,  p 8339 P ,  E ,  F ,  B 8360 
F ,  E ,  G ,  B 8340 P ,  E ,  
P ,  G 8361 
F ,  E ,  F ,  G 8341 P ,  
E ,  P ,  F 8362 
F ,  E ,  F ,  F 8342 
P ,  E ,  P ,  p 8363 
F ,  E ,  F ,  p 8343 
P ,  E ,  P ,  B 8364 
F ,  E ,  F ,  B 8344 
P ,  E ,  B ,  G 8365 
F ,  E ,  P ,  G 8345 
P ,  E ,  B ,  F 8366 
F ,  E ,  P ,  F 8346 
P ,  E ,  B ,  p 8367 
F ,  E ,  P ,  p 3347 
P ,  E ,  B ,  B 8368 
F ,  E ,  P ,  B 8348 
B ,  E ,  G ,  G 8369 
F ,  E ,  B ,  G 8349 
B ,  E ,  G ,  F 8370 
F ,  E ,  B ,  F 8350 
B ,  E ,  G ,  p 8371 
F ,  E ,  B ,  p 8351 
B ,  E ,  G ,  B 8372 
F ,  E ,  B ,  B 8352 
B ,  E ,  F ,  G 5373 
P ,  E ,  G ,  G 8353 
B ,  E , F ,  F 8374 
P ,  E ,  G ,  F 83.54 
B ,  E ,  F ,  p 8375 
P ,  E ,  G ,  p S355 
B , E ,  F ,  B 8376 
8356 




No . of Possible Sequence No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No . 
1 B ,  E ,  P ,  F s378 
1 G ,  B ,  E ,  p 8399 
B ,  E ,  P ,  p s379 
G ,  B ,  E ,  B 8400 
B ,  E ,  P ,  B S380 F ,  G ,  E ,  G 8401 
B ,  E ,  B ,  G S381 F ,  G ,  E ,  
F s402 
B ,  E ,  B ,  F S382 
li, ' G ,  E ,  p 8403 
B ,  E ,  B ,  p S383 
F ,  G ,  E ,  B 8404 
B ,  E ,  B ,  B 5384 
F ,  F ,  E ,  G 8405 
G ,  G ,  E ,  G S385 
F ,  F ,  E ,  F s406 
G ,  G ,  E ,  }.t, 8386 
F ,  F ,  E ,  p s407 
G ,  G ,  E ,  p s38? 
F ,  F ,  E ,  B s408 
G ,  G ,  E ,  B 8388 
F ,  P ,  E ,  G S409 
G ,  F ,  E ,  G s389 
F ,  P ,  E ,  F s410 
G ,  F ,  E ,  F S390 
F ,  P ,  E ,  p s411 
G ,  F ,  E ,  p 8391 
F ,  P ,  E ,  B 8412 
G ,  F ,  E ,  B 8392 
F ,  B ,  E ,  G 8413 
G ,  P ,  E ,  G S393 
F ,  B ,  E ,  F 8414 
G ,  P ,  E ,  F 8394 
F ,  B ,  E ,  p 8415 
G ,  P ,  E ,  p 8395 
F ,  B , E ,  B 8416 
8396 
F ,  G ,  E ,  G 841? G ,  P ,  E ,  B 
8397 
P ,  G ,  E ,  F 8418 G ,  B ,  E ,  G 




No . of Po ssible Sequence No . of Po ssible Sequence 
Exce days Sequen ces No . Exce days Sequences No . 
1 P ,  G ,  E ,  B s420 1 B ,  P ,  E ,  G S441 
P ,  F ,  E ,  B 5421 B ,  P ,  E ,  F 5442 
P ,  F ,  E ,  F 5422 B ,  P ,  E ,  p 5443 
P ,  F ,  E ,  p 5423 B ,  P ,  E ,  B S444 
P ,  F ,  E ,  B 5424 B ,  B ,  E ,  G 5445 
P ,  P ,  E ,  G 5425 
B ,  B ,  E ,  F 5446 
P ,  P ,  E ,  F s426 
B ,  B ,  E ,  p 5447 
P ,  P ,  E ,  p 5427 
B ,  B ,  E ,  B 5448 
P ,  P ,  E ,  B s42a 
G ,  G ,  G ,  E 5449 
P ,  B ,  E ,  G S429 
G ,  G ,  F ,  E 5450 
G ,  G ,  P ,  E 5451 P ,  B ,  E ,  F 54JO 
G ,  G ,  B, E 8452 P ,  B ,  E ,  p 843 1 
G ,  F ,  G ,  E 8453 
P ,  B ,  E ,  B S432 
G ,  F ,  F ,  E 54.54 B ,  G ,  E ,  G 8433 
G ,  F ,  P ,  E 8455 
B ,  G ,  E ,  F 8434 
G ,  F ,  B ,  E 8456 
B ,  G ,  E ,  p S435 
G , P ,  G ,  E 8457 
B ,  G ,  E ,  B S436 
G ,  P ,  F ,  E 8458 
B , F ,  E ,  G S437 
G ,  P ,  P ,  E 8459 
B ,  F ,  E ,  F S43 8 G ,  P ,  B ,  E 8460 
B ,  F ,  E ,  p 8439 G ,  B , . G ,  E 8461 
B ,  F ,  E ,  B 8440 
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TABLE 21--Continued 
No . of Po s s ible Sequence No . o f  Po ssible Sequence 
Exce days Sequences No . Exce days Sequences No . 
1 G ,  B , F ,  E s462 1 P ,  G ,  P ,  E S4g3 
G ,  B ,  P ,  E 5463 P ,  G ,  B ,  E 
8484 
G ,  B ,  B ,  E S464 P,  F ,  G ,  E 8485 
F ,  G ,  G ,  E S465 
P ,  F ,  F ,  E s486 
F ,  G ,  F ,  E 8466 
P ,  F ,  P ,  E 8487 
F ,  G ,  P ,  E 8467 
P ,  F ,  B ,  E 8488 
P ,  P ,  G ,  E 5489 F ,  G ,  B ,  E 5468 
P ,  P ,  F ,  E 3490 F ,  F ,  G ,  E 3469 
P ,  P ,  P ,  E 8491 F ,  F ,  F ,  E 8470 
P ,  P ,  B ,  E 3492 F ,  F ,  P ,  E 5471 
P ,  B , G ,  E 3493 F ,  F ,  B ,  E 8472 
P ,  B ,  F ,  E 3494 
F ,  P ,  G ,  E 5473 P ,  B ,  P ,  E 8495 F ,  P ,  F ,  E 8474 P ,  B ,  B ,  E 3496 
F ,  P ,  P ,  E 8475 
B ,  G ,  G ,  E 3497 F ,  P ,  B ,  E 3476 B ,  G ,  F ,  E 3498 
F ,  B ,  G ,  E 8477 B ,  G ,  P ,  E 3499 
F ,  B ,  F ,  E 3478 B ,  G ,  B ,  E S500 
F ,  B ,  P ,  E S479 B ,  F , G ,  E 5501 
F ,  B ,  B ,  E 8480 B ,  F ,  F ,  E 5502 
P ,  G ,  G ,  E 8481 
B ,  F , . P ,  E 8503 P ,  G ,  F ,  E 8482 
-
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TABLE 21--Continued 
No . of Possible Sequence No . of Possible 
Sequence 
Exce days Sequences No . Exce days Sequences  
No . 
1 B ,  F ,  B , E s504 
2 E ,  E ,  P ,  B 5524 
B ,  P ,  G ,  E 5505 
E ,  E ,  B ,  G 5525 
B ,  P ,  F ,  E S506 
E ,  E ,  B ,  F 8526 
B ,  P ,  P ,  E S507 
E ,  E ,  B ,  p 552 7 
B ,  P ,  B ,  E 5508 
E ,  E ,  B ,  B 5528 
B ,  B ,  G ,  E S509 
E ,  G ,  E ,  G 5529 
B ,  B ,  F ,  E 8510 
E ,  G ,  E ,  F S.5JO 
B ,  B ,  P ,  E S511 
E ,  G ,  E ,  p 853 1 
B ,  B ,  B ,  E 8512 
E ,  G ,  E ,  B 8532 
E ,  F ,  E ,  G s5JJ 
2 E ,  E ,  G ,  G 3513 
E ,  F ,  E ,  F 8534 
E ,  E ,  G ,  F 3514 
E ,  F ,  E ,  p 8535 
E ,  E ,  G ,  p 3515 
E ,  F ,  E ,  B 8536 
E ,  E ,  G ,  B 3516 
E ,  P ,  E ,  G 853 7  
E ,  E ,  F ,  G 3517 
E ,  P ,  E ,  F 853 8  
E ,  E ,  F ,  F 3518 
E ,  P ,  E ,  p 3539 
E ,  E ,  F ,  p 3519 
E ,  P ,  E ,  B 8540 
E ,  E ,  F ,  B 3520 
E ,  B ,  E ,  G 3541 
E ,  E ,  P ,  G 3521 
E ,  B, E ,  F 3.542 
S522 
E ,  B ,  E ,  p 3.543 
E ,  E ,  P ,  F 
E ,  E ,  P ,  p 3523 




No . of Po ssible Sequence· No . of Possible Sequence 
Exce days Sequences No . Exce days Sequences No . 
2 E ,  G ,  G ,  E 3545 2 F ,  E ,  E ,  F 3566 
E ,  G ,  F ,  E s
.546 
F ,  E ,  E ,  p 8567 
E ,  G ,  P ,  E 3547 F ,  E ,  E ,  B 8568 
E ,  G ,  B ,  E 3548 P ,  E ,  E ,  G 8569 
E ,  F ,  G ,  E 3549 P ,  E ,  E ,  F S570 
E ,  F ,  F ,  E 3550 P ,  E , E ,  p s571 
E ,  F ,  P ,  E 8551 P ,  E ,  E ,  B 8572 
E ,  F ,  B ,  E 8552 B ,  E ,  E ,  G 8573 
E ,  P ,  G ,  E 8553 B ,  E ,  E ,  F 8574 
E ,  P ,  F ,  E 8554 B ,  E , E ,  p 8575 
E ,  P ,  P ,  E 8555 B ,  E ,  E ,  B 8576 
E ,  P ,  B ,  E 8556 G ,  E , G ,  E 8577 
E ,  B ,  G ,  E 8557 G ,  E ,  F ,  E 8578 
E ,  B ,  F ,  E 8558 G ,  E ,  P ,  E 3579 
E ,  B ,  P ,  E 3559 G ,  E ,  B ,  E 8580 
E ,  B ,  B ,  E 3560 F ,  E ,  G ,  E 8581 
G ,  E ,  E ,  G 3561 F ,  E ,  F ,  E 8582 
G ,  E ,  E ,  F 3562 F ,  E ,  P ,  E 8583 
G ,  E ,  E ,  p 3563 F ,  E ,  B ,  E s.584 
G ,  E ,  E ,  B 3564 P ,  E , G ,  E 3585 




No . of  Possible Sequence No . of  Possible Sequence 
Exce days Sequences No . Exce days Sequences No . 
2 P ,  E ,  P ,  E 5587 
2 B ,  B ,  E ,  E s6o8 
P ,  E ,  B ,  E 5588 
B ,  E ,  G ,  E 5589 J E ,  E ,  E ,  G 5609 
B ,  E ,  F ,  E S590 E ,  E ,  E ,  F s6 10 
B ,  E ,  P ,  E s591 E ,  E ,  E ,  
p s611 
B ,  E ,  B ,  E S592 E ,  E ,  
E ,  B s6 12 
G ,  G ,  E ,  E .s59J 
E ,  E ,  G ,  E 56 13 
G ,  F ,  E ,  E 8594 
E ,  E ,  F ,  E 86 14 
G ,  P ,  E ,  E 8595 
E ,  E ,  P ,  E 3615 
G ,  B ,  E ,  E 8596 
E ,  E ,  B ,  E 8616 
F ,  G ,  E ,  E 8597 
E ,  G ,  E ,  E s617 
F ,  F ,  E ,  E 8598 
E ,  F ,  E ,  E 56 18 
F ,  P ,  E ,  E 5599 
E ,  P ,  E ,  E s6 19 
F ,  B ,  E ,  E 5600 
E ,  B ,  E ,  E s620 
P ,  G ,  E ,  E 8601 
G ,  E ,  E ,  E 862 1 
P ,  F ,  E ,  E 8602 
F ,  E ,  E ,  E s622 
P ,  P ,  E ,  E 8603 
P ,  E ,  E ,  E 8623 
P ,  B ,  E ,  E 8604 
B , E ,  E ,  E s624 
B ,  G ,  E ,  E ,  5605 
B ,  F ,  E ,  E 3606 
4 E ,  E ,  E ,  E s625 






WEATHER DATA FOR JANUARY 
Year 
1971 1972 Day 1973 1974 1975 
1 183 . 9  205 . 2  155 . 6  226 . 2  140 . 8  
2 111 . 0  179 . 1  192 . 7  2 19 . 1  50 . 2  
3 75 . 2  154 . 5 53 . 6  244 . 4  1 80 . 9 
4 206 . 1  236 . 1  175 . 2  198 . 4  186 . 8  
5 199 . 0  209 . 8  222 . 7  181 . 2  86 . 9  
6 196 . 0  208 . 2  lJl .4 208 . 4  9J . 4  
7 187 . 0  180 . 4  120 . J  178 . 0  )4 . 2  
8 146 . 2  206 . 6  2 12 . 7  126 . 8  82 . 1  
9 145 . 5 18J . 6  237 . 2  2 13 . o  65 . 9  
10 84 . 4 188 . 1  200 . 4  191 . 0  50 . 6  
1 1  205 . 8  2 18 . 6  218 . 0 190 . 6  69 . 8  
12 140 . 9  1)2 .2  196 .4 181 . 5  13 1 . 8  
13 139 . 6  136 . 7  2 15 . 1  208 . 8  162 . 7 
14 189 . 5  235 .3  198 . 8  203 . 9  145 . 1  
1.5 18 5 .  5 224 . 2  176 . 9 191 . 9  133 . 4  
16 158 . 2  173 . 0  209 .4  201 . 4  233 . 5  
17 171 . 6 237 . 0  116 . 9  182 . 1  165 . 1  
1 8  186 . 9  156 . 6  71 . 9 194 . 4  117 . 0  
19 229 . 4  112 . J  97 . 8  162 . 6  222 .J 
2 0  158 . 4  190 . 8  37 . 6  121 . l  158 . 8  
2 1  222 . 3  118 . 5  65 . 7  90 . 7  185 . 6  
22 232 . 8 155 . 1  74 . 8  118 .4 171 . 0  
23 227 . 9  225 . 6  208 . 0  227 . 0  162 . 7  
24 158 . 7  15b . 9  224 . 2  218 . 0  104 . 2  
2 5 105 . 5  186 . 4  240 . 8  1J8 . 4 1 12 . 1  
26 2 18 . 1  2 16 . 7 204 .4 118 . 6  lJl . 6  
2 7  125 . 7 159 . 0 89 . 9  24_5 . 2  2 03 . 9  
2 8  131 . 7 2 56 . 0 240 . 0  259 . 0 73 . 6  
2 9  125 . 6  248 . 4  221 . 0 229 . 1  194 . 4  
J O  164 . 1  229 . 0  18) . 7  127 . 1  172 . 2 
3 1  233 . 8  241 . 9  6? . J 221 . 0  191 . 3  
Units = Langleys per day 
Data = Total solar radiation for one day for 
44° 15 • to 44°44 • latitude . 
-
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TABLE 22 --Continued 
Year 1971 1972 1973 Day 1974 1975 
1 G G F E F 
2 p G G E B 
3 B F B E G 
4 G E G G G 
5 G G E G p 
6 G G F G p 
7 G G p G B 
8 F G G F p 
9 F G E G B 
10 p · G G G B 
11 G E E G B 
12 F F G G F 
lJ F F E G F 
14 G E G G F 
15 G E G G F 
16 F G G G E 
17 G E p G F 
18 G F B G p 
19 E p p F E 
2 0  F G B p F 
2 1  E p B p G 
22 E F B p G 
23 E E G E F 
24 F F E E p 
25 p G E F p 
26 E E G p F 
27 F F p E G 
2 8  F E E E B 
29 F E E E G 
JO F E G F G 
3 1 E E B E 
G 
260 2 15 170 125 80 
35 
I I I I I I 
E G It, 
p B 




WEATHER DATA FOR FEBRUARY 
Year 1971 1972 Day 1973 1974 1975 
1 267 . 0 134 . 4  122 . 1  106 . 4  144 . 2 
2 158 . 7 277 . 2  170 . 5 94 . 7  94 . 4  
3 76 . 6 270 . 7 248 . 5 108 . 7  104 . 7  
4 171 . 9  274 . 1  200 . 1  168 . 2  84 . 1  
5 225 . 0  180 .2  141 .2  148 . 5  169 . 7  
6 295 .4 294 . 0  188 .7  273 . 2  251 . 2  
7 2 87 . 4  2 13 . 5  2 13 .4 259 . 1  260 . 4  
8 299 . 5  315 . 9  308 .2  277 . 4  200 . 5 
9 222 . 0  212 . 3  207 .2  290 . 1  268 . 4  
10 22 1 . 5 320 . 6  297 . 6  280 . 8  134 . 0  
11 141 . 3  322 . 9  178 . 2  292 . 5 246 . J  
12 156 . 8  254 . 0  113 .4 289 . 9  225 . 2  
13 142 .4 242 . 7  130 . 1  123 . 7  203 . 7  
14 249 . 6  241 . 4  198 . 8  194 . 4 140 . 6  
15 2 1 1 . 4  315 . 7  3 11 . 8  180 . 4  1,54 . 2  
16 258 . 4  225 . 5  335 . 3  208 .4 150 . 1  
17 308 . 6  156 . 8  242 .4 2 03 . 6  152 . 7 
18 116 . 3  361 . 3  192 - 7 2 10 . 8  269 . 2 
19 69 .2  32 8 . 6 125 . 2  J 00 . 2  321 . 4  
· 20  243 . 5  J02 . 0  272 . 5 67 . 4 304 . 8  
2 1  242 . 2  J00 . 2  J44 . l  2 14 . 1  2 80 . 4 
22 119 . J  221 . 8  390 . 2  365 . 0  3 11 . 7 
23 3 51 . l  J l0 . 8  J24 . 7  J60 . 4  3 04 . 4  
24 348 . 6  J28 . 0  189 .2  356 . 8 327 . 1  
2 5  JJ4 .2  JJ6 . l 229 . 7  373 . 9  J 12 . 9  
26 77 . 9  335 · 7 87 . 8  J 02 . 5  2 03 . 8 
27 80 . l  166 . 8  101 . l  23 5 . 9  3 18 . 4  
2 8  J60 . 5  J22 . 5  82 . 2  292 . 1  J 02 . 6  
Un its = Langleys per day 
Data = Total so lar radiation for one day for 
44° 15 • to 44°44 •  lati tude . 
-
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TABLE 23 --Continued 
Year 1971 1972 Day 1973 1974 1975 
1 G p B B p 
2 p G p B B 
3 B G F B B 
4 p G F p B 
5 F p p p p 
6 G G p G G 
7 G p p G G 
8 G E G G F 
9 F F F G G 
10 It, E G G p 
11 p E p G F 
12 p G B G F 
13 p F p B F 
14 F F F F p 
15 F E G p p 
16 G F E F p 
17 G p F It, p 
18 B E F F G 
19 B E B G E 
20  F G G B G 
2 1  F G E F G 
22 B F E E G 
23 E G E E G 
24 E E F E E 
2 5  E E F E G 
26 B E B G F 
27 B p B F E 
2 8  E E B G G 
375 313 251 189 127 
65 
I I I I I I 





WEATHER DATA FOR MARCH 
Year 1971 1972 Day 1973 1974 1975 
1 287 . 1  307 . 8 109 . 8  330 .4 J41 . 8  
2 407 . 7  275 .3  110 . 1  364 . 8  336 .6 
J 353 , 7 Jl6 .6  272 . 5 344 . 6  371 . 6 
4 299 , 7 184 .4 287 .2 357 . 7 304 . 0  
5 187 . 7  Jl6 . 8  6 1 . 7 356 .J  258 . 7  
6 202 . 2  352 . 8 251 .6 240 .2  305 . 5  
7 361 . l  324 . 1  117 . 8  233 . 9  288 . 0  
8 360 . 9  409 . 7 346 . 8 241 .4 384 . 5 
9 94 . 5 366 . 0  288 .3 376 . 2 J02 . 4  
10 357 . 5 383 . 6  77 .2  380 .2  296 . 9 
11 301 . 3 395 . 0  93 , 9 62 . 1  124 . 1  
12 385 . 2  91 . 0 268 . 1  412 .4  439 . 0  
lJ 354 . 1  425 . 9  243 . 7 273 .3  416 . 8  
14 47 . 9  356 . o  113 .3 J40 . 0  324 . 2  
15 150 .4 343 . 1  78 . 0  216 .4  3 84 . 4  
16 424 . 1  333 .4 271 . 5 320 . 2  361 . J  
17 251 . 1  91 .2 455 . 5 306 . 1 201 . 2  
1 8  163 . 1  151 . 0 293 . 5 64 .3 348 . 5 
19 305 .4 217 . 7  261 .4 248 .2  369 . 6  
2 0  4Jl . l  94 .4  458 0 5 408 . 8  215 .3  
2 1  264 .4 257 .2  443 . 1  436 . 2 248 . 4  
22 351 . 7 285 . 1  78 . 5  J04 .4 257 . 5  
2J 411 . l  471 . l 76 . l J86 .4  201 . 4  
24 318 . 8  265 . 6 53 .4 458 .6 168 . 4  
25 207 . 7  247 .4  244 .4 366 .2  443 . 1  
26 111 . 2  44 .3  414 .4 283 . 5  202 . l  
27  3 87 . 1  242 . 2  274 . 0  370 . 5 68 . 4  
2 8  429 .3  355 .2  114 . 0 148 . 7  2 80 .4 
29 494 . 2  335 .6  377 . 8  88 . 5 296 . 4  
JO 459 . 1  376 . 8 318 .2  435 . 1  302 . 6  
31 350 . 0 188 .2  148 . 8  91 . 9  3 13 . 4  
Units = Langleys per day 
Data = Total �olar radiation for one day for 




Year 1971 1972 Day 1973 1974 1975 
1 F F B G G 
2 G F B G G 
J G G F G G 
4 F p F G F 
5 p G B G F 
6 p G F F F 
7 G G B F F 
8 G E G :F' G 
9 B G F G F 
10 G G B G F 
11 F G B B B 
12 G B F E E 
lJ G E F F E 
14 B G B G G 
15 p G B p G 
16 E G F G G 
17 F B E F p 
18 p p F B G 
19 F p F F G 
20  E B E E p 
2 1  F F E E F 
22 G F B F F 
2J E E B G p 
24 G F B E p 
25 p F F G E 
26 B B E F p 
27 G F F G B 
28  E G B p F 
29 E G G B F 
JO E G G E F 
Jl  G p p B F 
500 408 Jl6 224 132 
40 
I I I I J I 





WEATHER DATA FOR APRIL 
Year 1971 1972 Day 1973 1974 1975 
1 360 . 7 . 325 . 5 284 .4 301 . 9  374 . 2  
2 501 . 0  518 .2  380 .7  308 . 7  448 . 4  
3 535 . 1  528 . 0  404 .4 97 . 2  466 . 9  
4 527 . 5 536 .2 542 . 0  484 .2  337 . 3  
5 536 . 1  499 . 8  402 .4  426 . 2  348 . 4  
6 521 . 5 323 .9  335 . 0  350 . 3  366 . 2  
7 .549 . 0  270 . 0  131 . 6  416 . 0  187 . 8  
8 397 . 5  271 . 9 293 . 0  424 . 0  46 . 5 
9 .547 . 0 471 .J  324 . 1  532 . 6  92 . 5  
10 452 . 0 406 . 8  565 . 8  291 . 3 327 . 8  
11 404 . 9  41 . 5 414 .4 72 .4  260 . 4  
12 375 . 2  104 .2  547 . 9  101 . 3  188 . 2  
13 532 .2 149 .9  402 .4 103 .4 94 . 4  
14 _544 . 9  382 .2 461 . J 510 . 2  8? . 2  
15 532 . 8  548 .6 101 . 2  471 . 5  90 . 6 
16 314 . 4  552 . 2 558 . 6 .543 .4  133 . 0  
17 508 . l  515 . 5 494 .6  555 . 7  71 . 9  
18 234 . 9  113 .4  531 .3 563 . 4  121 .4  
19 302 .9 218 .4 142 .2  488 . 6  136 . 2 
2 0  388 . 8  404 .4 569 . 3  240 . 7  368 . 4  
21  226 .4  170 . 1  223 . 7 260 . 6  57 . 0  
22 571 . 7  235 . 8  457 . 2  491 . 5 119 .4  
23 589 . 5 418 . 8  535 . 5 624 . 7  162 . 2  
24 471 . 5 221 . 0  165 . 0  486 . 9 118 . 8  
25 617 . 7  574 . 5  508 .4  546 . 0 92 . 4  
26 177 . 4  273 . 3 348 .4  484 . 7  49 . 0  
27 104 . 0  92 . 0  502 . 4  466 . J  144 .4 
28 207 . 2  93 .6 420 .4 495 . J  142 . 0 
29 506 . 6  lJl .4 1J6 . 2  JlJ . 2  12J . J  
30  555 . 6  244 . 0 59 . 8  624 . 6  298 . 2  
Units = Langleys per day 
Data = Total solar radiation for one day for 




Year 1971 1972 1973 Day 1974 1975 
1 F F F F F 
2 G E }t, F G 
3 E E G B G 
4 E E E G F 
5 E G G G F 
6 E F F F F 
7 E p B G p 
8 G p F G B 
9 E G F E B 
10 G G E F F 
11  G B G B p 
12 F B E B p 
13 E B G B B 
14 E F G G B 
15 E E B G B 
16 F E E E B 
17 G E G E B 
18 p B E E B 
19 F p B G B 
20 F G E p F 
21  p p p p B 
22 E p G G B 
23 E G E E p 
24 G p p G B 
2 5  E E G E B 
26 p p F G B 
27 B B G G B 
2 8  p B G G B 
29 G B B F B 
30  E p B E F 
630 512 394 276 158 40 
I I I I I I 






WEATHER DATA FOR MAY 
Year 1971 1972 Day 1973 1974 1975 
1 493 .2  95 . 7 47 .6  533 . 7  470 . 8  
2 640 .2 240 .3 575 .2 .541 .4  480 . 6  
3 605 . 7  3 18 . 9  602 .4 469 .3  551 .4  
4 586 . J 665 . 3 484 .4 514 . 6  5.54 .4 
5 431 .6 242 .2  574 .2 619 .6  492 . 8  
6 622 . 8  311 .2  281 .2  624 . 1  269 . 1  
7 614 .4 357 . 6  463 .9  123 .3 121 . 4  
8 608 . 8  367 .3 630 .2  206 . 3  291 . 6 
9 466 .4  572 .6  556 .3 J84 . 8  380 . 4 
10 207 . 8  353 .6  533 . 7  201 .2  288 . 0  
11 659 . 8  125 . 9  .56 0  .2  284 .6  368 . 8  
12 634 . 1  104 . 1  552 . 5  46J . 8  531 . 5  
13 639 . 3  139 .2  502 .4 143 . 0  J8l o J 
14 617 . 1 472 . 0  614 . 8  249 .4 459 .4  
15 531 . 7  601 . 7 648 . 1  311 . l  615 . J 
16 625 . 5  630 . 0  616 .J  473 . 1  584 . 8  
17 481 . J  593 .6  584 . 0 J46 .4  608 .4  
18 98 . 9 634 . 1  594 . 0 118 . 8  616 . 2  
19 274 .4  466 .4 614 .4 135 · 5 458 . 5 
20 621 .J  575 .4 602 .2  539 . 8  494 . 7  
21  502 . 2  560 . 2  607 .6  439 . 8 518 . 4  
22 443 .2  188 . 8  646 .6  624 . 2  J62 . 4  
23 85 . 8  154 . 2 552 . 0 714 . 4  430 . 4  
24 67 . 0  254 . J 576 . 0 547 .6 .542 . 8 
25 24J .2  624 .6  162 . 8  6J0 .4  454 . 2 
26 679 . 2  5.54 . 8 44J .6  452 . 5 594 .4  
27 679 . 9  386 . 1 126 .6 462 . 0  362 . 4  
28  596 .3 417 . 1  158 .4  520 . 6  416 . J  
29 J22 .4 140 . 9  642 .4  540 . 8  554 . 2  
JO  2 87 . 7  537 . 8  607 . 5  200 . 8  488 . 2  
Jl 238 . 5 658 . 6 653 . o 46 8 .4 496 . 1  
Units = Langleys per day 
Data = Total solar radiation for one day for 




Year 1971 1972 Day 1973 1974 1975 
1 G B B G G 
2 E p G G G 
3 E F E G G 
4 E E G G G 
5 F p G E G 
6 E p p E p 
7 E F G B B 
8 E F E p p 
9 G G G F F 
10 p F G p p 
11 E B G p F 
12 E B G G G 
13 E B G B F 
14 E G E p G 
15 G E E p E 
16 E E E G E 
17 G E E F E 
18 B E E B E 
19 p G E B G 
20 E G E G G 
2 1  G G E lt""' G 
22 F p E E F 
23 B B G E F 
24 B p G G G 
25 p E B E G 
26 E G F G E 
27 E F B G F 
28  E F B G F 
29 F B E G G 
30 p G E p 
G 
3 1  p E E G G 
715 581 447 313 179 
46 
I I I I I I 






WEATHER DATA FOR JUNE 
Year 1971 
. 
Day 1972 1973 1974 1975 
1 100 $ 0  667 . 9  514 .2  44J .2  522 .4 
2 453 . 0  368 . 9  601 .4 526 .4  388 .4 
3 619 . 7 506 . 5  618 .2  672 . 1  477 .4  
4 654 . 1  176 . o  344 . 8  588 .6  456 . 7 
5 687 . 2 514 . 5  588 .2  640 .4 533 . 5  
6 628 . 8  596 . 5 564 .4 553 . 6  479 . 0  
7 335 . 9  231 .3 524 .4  470 .2  393 . 3  
8 304 . 8  571 . 5  559 .6 469 . 8  411 .4  
9 377 .2  538 . 5  610 . 0  160 .6 443 . 7 
10 538 . 8  641 . 8  581 . 5  5 .50 . 5 414 .6 
11  623 .6 430 e6 261 .3  488 .2  427 . 3  
12 539 . 0  590 . 5  549 . 5  530 . 9  487 . 7  
13 636 . 8  359 . 1  593 . 8  651 . 5 575 . 9  
14 639 . 8  522 .6 463 . 0  647 .2  208 . 8  
15 629 . 0  681 . 7 473 . 7 691 . 2  494 . 8  
16 623 . 9  489 . 5  624 . 5  658 .6 563 . 9 
17 541 . 9  268 . 4  614 .2 684 . 0  585 . 8 
1 8  614 . 5 241 .2  572 . 9  607 . 1  435 . 1  
19 423 .2 199 . 0  414 .2  556 . 1 539 . 2  
2 0  652 . 0 640 . 7  408 .4 576 . 7  400 . 6  
2 1  320 . 3  678 . 5  507 .2 636 .6  424 . 5  
22 631 . 2 656 . 8  620 .4 654 .4 437 . 8 
23 646 . 2  630 . 5 624 .. 4 666 . 9 489 . 5  
24 436 . 3  205 . 8 501..4 631 . 9 457 .2 
2 5 536 . 0 602 . 8  548 .4 697 . 9  460 . 6  
26 616 . 1  525 . 8  555 .2  641 . 5 212 .4 
27  627 .3  421 . l  532 . 5 557 . 4  506 . J  
2 8  117 . 9 590 .3  582 . 1  580 .2 512 . 7 
29 226 . 9 675 . 5 _561 . l  602 .4 534 . 8 
30' 701 .3  606 . 2  538 . 8 6Jl . 9 553 . 8 
Units = Langleys per day 
Data = Total solar radiation for one day for 
45°15 • to 44°44• latitude . 
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TABLE 27--Continued 
Year 1971 1972 Day 1973 1974 1975 
1 B E G F G 
2 F F E G F 
3 E G E E G 
4 E B F E It, 
5 E G E E G 
6 E E G G G 
7 p p G G F 
8 p G G G F 
9 F G E B F 
10 G · E G G F 
11 E F p G F 
12 G E G G G 
13 E F E E G 
14 E G G E B 
15 E E G E G 
16 E G E E G 
17 G p E E E 
18 E p G E F 
19 It, B F G G 
20  E E F G F 
2 1  p E G E F 
22 E E E E 1', 
23 E E E E G 
24 F B G E F 
25 G E G E F 
26  E G G E B 
27 E F G G G 
28  B E G G G 
29 p E G E G 
JO E E G E G 
705 584 46J 342 221 
100 
I I I I I I 






WEATHER DATA FOR JULY 
Year 1971 1972 Day 1973 1974 1975 
1 655 . 0  655 . 6  484 . 9  6 19 . 4  598 . 9 
2 646 . 5  235 . 8 472 . 4  532 . 6 564 . 0  
3 464 . 8 606 . 9  46 1 . 8 497 8 1  544 . 5 
4 596 . 9  425 . 6 502 . 4  578 . 8 560 . 2  
5 513 . 7  130 . 0  604 . 4 666 . J 577 . 6  
6 515 . 4 593 .4 632 . 1  591 . 7 634 . 4  
7 26 8 . 4  500 . 4  486 . 6 650 . 8 575 . 6  
8 564 . 5  533 . 1  460 . 7  366 . 1  549 . 4 
9 504 . 4  570 . 6 518 . 5  491 . 8 539 . 3  
10 490 . 2  562 . 2  551 . 8 545 . 8 .512 . 2  
1 1  3 16 . 4  496 . 6 552 . 1 440 . 0  498 . 6  
12 326 . 5  423 . 5  593 . 7 514 . 4 504 . 4  
13 634 . J 573 . 0  508 . 8 468 . 2  511 . 6  
14 618 . 8 154 . 6 504 . 6 526 . 4 564 . 4  
15 620 .4 594 . 7  516 e14 621 • .5 589 . 3  
16 642 . 1  59L .5 641 . 7  519 . 0  505 . 1  
17 398 . 4  262 . 2  552 . 4 499 . 6  601 . 1  
1 8 544 . 2  62 1 . 8 609 . 3  32 1 . 0  570 . 4 
19 545 . 1  320 . 6  446 . 9 J44 . 4  515 . 8 
20 651 . 6  230 . 7 369 . 4 360 . 2  548 . 8  
2 1  579 . 7 444 . 4  284 . 9  348 . 4  370 . 4 
22 526 . 4  504 . 9  264 . 8  539 . 0  526 . 4  
23 638 . 4 608 . 7 308 . 0  603 . 3  466 . 5 
24 625 . 6 629 . 7  592 .3 394 . 7  601 . 8 
2 5  570 .4 506 . 6  335 . 4 632 . 1  548 . 4  
26 62 1 . 2 216 . 8 547 . 7  548 . 4 580 . 4  
2 7  327 . 5  351 . 8 584 . 4 542 . 0  584 . 4 
2 8  430 . 5 4J 8 . 8 561 . 9 574 . 0 554 . 5 
2 9  444 . 2  590 . 6 544 . 8 653 . 6 567 . 5 
J O  609 . 8  529 . 5  574 . 2 563 . B 502 . 2  
3 1  56 7 . 7  450 . 6 505 . 8 347 . 4  457 . 5  
Units = Langleys per day 
Data = Total solar radiation for one day for 





1971 1972 Day 1973 1974 197.5 
1 E E G E E 
2 E B G G E 
3 G E G G G 
4 E F G E G 
.5 G B E E E 
6 G E E E E 
7 p G G E E 
8 E G G F G 
9 G E G G G 
10 G E G G G 
1 1  p G G F G 
12 p F E G G 
13 E E G G G 
14 E B G G E 
1.5 E E G E E 
16 E E E G G 
17 F p G G E 
18 G E E p E 
19 G p F p G 
2 0  E B F F G 
2 1  E F p F F 
22 G G p G G 
23 E E p E G 
24 E E E F E 
2 5  E G p E G 
26 E B G G E 
27 p F E G E 
28 F F G E G 
2 9  F E G E E 
30 E G E E G 
3 1  E F G F G 
670 .562 454 346 238 
130 
I I I I I I 





WEATHER DATA FOR AUGUST 
Year 
1971 Day 1972 1973 1974 1975 
1 588 . 8  193 . 1  544 . 1  443 , 7  426 . 2  
2 508 .6  lJ0 . 7  548 . 2  3 50 . 4  518 . 8  
3 6 19 . 5 622 . 8  446 . 2 3 86 . 2  536 . 2 
4 681 . 6 555 . 8  454 . 4 518 . 8  539 . 4  
5 6 19 . 8  285 .4 442 s 2  581 . 3 540 . 8  
6 561 . 3 300 . 5  538 . 0 567 . 5 577 . 1  
7 470 . 9  346 . 5  508 . 0  485 . 1  523 . 2  
8 456 . 2 200 . 3 478 . 5  3 05 . 2  527 . 7  
9 588 . 2  571 . 0 515 . 6 260 . 2  53 1 . 4 
. 10 518 . 2  384 . 2 498 . 6 295 . 8  538 . 7  
11 585 . 1 570 0 9  455 . 5  560 . 6  488 . 8  
12 509 . 4  375 . 5  464 . 4  511 . 0  3 82 . 1  
13 522 .4  526 . 7 499 . 8  564 . 0  519 . 9  
14 515 . 8 541 . 9 541 . 9  502 . 8 174 . 1  
15 517 . 7 550 . 1  439 . 5  420 . 5  360 . 2  
16 522 . 7 . 3 89 . 2  498 . 1  550 . 2 466 . 5  
17 536 . 1  547 . 5 418 . 4  536 . 5 2 88 . 4 
18 2 19 . 9  337 0 2 325 . 9 540 . J  261 . 0  
19 548 . J  268 . 6 424 . 6  489 . 4  416 . 6  
2 0  522 .6  247 . 4  414 . 0  457 . 0  267 . 0  
2 1  510 . 5  JJ9 . 4  362 . 7 379 . 1  102 . 7  
22 518 . 4  77 . 5  226 . 6  578 . 9  278 . 4 
23 517 . 3 175 0 8  120 . 7  560 . 2  485 . 1  
24 555 . 8  401 . 8  145 . 6  564 . 4  488 . 8  
2 5  561 . 3 2 11 . 3 19J . 4 541 . 2  506 . 3 
26 470 . 9  417 . J  484 . 6  520 . 1  305 . 3 
27 509 . 4  53 1 . 9 489 . 7  456 . 6 424 . 5  
2 8  515 . 4  488 . 7 468 . 1  239 . 0 363 . 9 
29 516 . 2  489 . 3 251 . 0  475 . 1 3 84 . 4  
J O 36 . 8 lJ0 . 4 481 . 7  488 . 2  2 12 . 6  
31 358 . 4 202 . l 486 . 2  396 . 6 416 . 8  
Units = Langleys per day 
Data = Total solar radiation for one day for 
450 15 • to 44°44 ' latitude . 
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TABLE 29--Continued 
Year 1971 1972 Day 1973 1974 19?5 
1 E p G G G 
2 G B G F G 
3 E E G F G 
4 E E G G G 
5 E p G E G 
6 E F G E E 
? G F G G G 
8 G p G F G 
9 E E G p G 
10 G · F G F G 
11 E E G E G 
. 12 G F G G F 
13 G G G E G 
14 G G G G p 
15 G G G F F 
16 G F G G G 
l? G G F G p 
18 p F F G p 
19 G p F G F 
20 G p F G p 
2 1  G F F F B 
22 G B p E p 
23 G p B E G 
24 E F B E G 
25 E p p G G 
26 G F G G F 
27 G G G G .  F 
2 8  G G G p F 
2 9  G G p G F 
30 B B G G 
p 
3 1 F p G F 
F 
685 555 425 295 165 
3 5  
I I I I I I 





WEATHER DATA FO R  SEPI'EMBER 
Year 1971 1972 Day 1973 1974 1975 
1 497 . 9  250 . 8  326 . 8  178 . 6  464 . 4  
2 488 .2  511 . 8  416 .6  468 .3 363 . 0 
3 494 . 1  269 . 5  442 .4 495 . 8  473 . 9  
4 128 .2  359 .6 302 .4 517 . 1  225 . 0  
5 164 .4 443 .4 502 . 7  406 . 9  402 . 2  
6 482 .3  412 .4  546 .6  442 . 2  476 . 0  
7 460 . 6  408 .4  316 .4  431 . 7  458 . 8  
8 120 . 0  466 .2  85 . 1  441 . l 393 . 9  
9 310 . 7 182 .6 162 .4 280 . 4  355 . 5  
10 414 .2  174 .4 484 .9  381 . 1  150 . 0  
11  508 . 1  354 . 7 451 .6 212 . 6  313 . 7 
12 481 .3 80 . 6  198 . 3 146 . 1  328 .4  
13 435 . 5  199 . 1  460 .2  448 . 8  423 . 9  
14 483 . 3  475 .3  204 . 1  457 . 9  426 . 4  
15 425 .4 687 .6 140 .2  466 . 2  247 .2  
16 441 . 5 409 .4  444 .6  432 .3 362 . 8  
17 244 . 1  445 .4  471 . 0  455 . 1  121 . 1  
18 417 . 6  351 .3 247 . 8  385 . 0 185 .. 1 
19 412 .4 367 .6 240 . 4  268 . 8  202 . 0  
20 427 . 5  132 . 2  230 . 2  416 . 6  248 . 4  
2 1  90 . 8  469 . 1  302 . 1 357 - 3 3 86  . 6  
22 113 . 2  423 . 4  286 . 7  428 .4 422 .4  
23 296 . 3 409 . 7  344 . 8  399 . 9  408 . 5  
24 429 . 9  280 . 7 106 . 7  406 . J  394 . 1  
25  49 . 3  85 . 7  348 . 1  411 .J  422 . 9  
26 117 . 0  J68 .4  63 . 2  382 . 7  3 86 . 4  
2 7  158 . 9 273 .3  308 . 3 J60 . 4  244 . 6  
2 8  290 . 5 251 . 4  204 .4 J.54 . 6  264 . 8  
29  268 . 9  J67 .J  137 . 8 378 . 8  310 . 9 
JO  i95 . o  351 . 7  164 .4  J4J . 5 153 . 9  
Units = Langleys per day 
Data = Total solar radiation for one day for 




Year 1971 1972 Day 1973 1974 1975 
1 E F F p E 
2 E E G E G 
J E F G E E 
4 B G F E p 
5 p G E G G 
6 E G E G E 
7 E G F G E 
8 B E B G G 
9 F p p F G 
10 G p E G p 
11 E G E p F 
12 E B p p F 
lJ G p E G G 
14 E E p E G 
15 G E B E F 
16 G G G G G 
17 p G E E B 
18 G G F G p 
19 G G p F p 
20  G B p G F 
21  B E It'"' G G 
22 B G F G G 
23 F G F G G 
24 G F B G G 
25 B B G G 
G 
26 B G B G G 
27 p F F G 
p 
28  F F p G F 
29 F G B G F 
JO p G p F p 
550 449 J48 247 146 45 
I I I I I I 





TABLE 3 1  
WEATHER DATA FOR OCTOBER 
Year 1971 1972 1973 1974 Day 1975 
l 158 . 8  391 . 6  2 16 . 6  405 . 0  3 87 . 6 
2 409 . 2  13J . 2  J.54 . 0  J 88 . 9  336 . 2 
3 110 .4  J60 .6  224 . 4  346 . 5  3 14 . 4 
4 367 . 8 J36 . 9  356 . 2 274 .4  3 10 . 6  
5 362 . 1  41 . 6  J28 .4  106 . 7  3 16 . 4 
6 333 . 5  388 .6 280 . 2  286 . 6  3 12 . 8  
7 J l4 . l  3 71 . 7  354 . 4  360 . 6  J22 . 4  
8 176 . 6 258 . 5 240 . 4  3 14 .4 257 . 7  
9 182 . 7  264 . 3  105 . 8 337 . 2  166 . 6  
10 184 . 4  108 02 llJ .6  380 . 6  242 . 2  
11 352 . 6 107 . 8  117 . 7  396 . 8  268 . 4  
12 167 . 9  324 .4 214 . 8  J 84 . 4  276 . 8  
lJ 296 . 2  293 . 7  339 . 4  414 . 2  282 . 8 
14 361 . l  270 . 2  355 . 4  224 . 3  288 . 8 
15  50 . 6 140 . 3  162 . 3  185 . 7  301 . 4  
16 147 . 7  308 . 8  238 . 9  287 . 1  J08 . 4  
17 117 . 7  110 .3  322 . 6  2 11 . 7  66 . 4  
1 8  164 . 6  343 .4 3 19 . 8  320 . 6  288 . 9  
19 320 . 5  342 . 0  324 . 4  236 . 9 32 1 . 2  
20 177 . 7  22 . 3  J06 . 6  276 . 4  J05 . 3  
2 1  244 . 0  76 .3  341 . 4  263 . 0 203 . 8  
22 259 . 5  22 . 5  J60 . 2  277 . 5 3 18 . 2  
23 12 8 . 2  327 . 7  256 . 2 236 . 5 22 . 4  
24 182 . 2  266 . 0  270 . 0  246 . 6  68 . 0  
2 5  167 . 1  268 . 8  259 . 7 3 04 . 4 297 . 7  
26 197 . 6  2 16 . 0 170 . 2  288 . 0  164 . 1  
27 1J 8 . 8  . 130 . 8  84 . 1  12J . l  89 . 1  
2 8  50 . 2 174 . 8  204 . 4 130 . 9 208 . 6  
29 25 . 6  144 .6 288 . 6 45 .4 260 . 4  
JO  40 . 7 20 . l  136 . 8  126 . 2  130 . 8  
3 1  265 . 8  80 . 9  192 . 7 84 . 4 266 . 8  
Units = Langleys per day 
Data = Total solar radiation for one day for 





1971 1972 Day 1973 1974 1975 
l p E F E E 
2 E p E E E 
J p E }.4, E G 
4 E E E G G 
5 E B G p G 
6 G E G G G 
7 G E E E G 
8 p G F G G 
9 F G p E p 
10 F p p E F 
11  E p p E G 
12 p G F E G 
lJ G G E E G 
14 E G E F G 
15 B p p F G 
16 p G F G G 
17 p p G F B 
18 p E G G G 
19 G E G F G 
20 p B G G G 
21 F B E G 1'' 
22 G B E G G 
2J p G F F B 
24 F G G F B 
25 p G G G G 
26 F F p G p 
2? p p B p 
B 
28 B p F p F 
29 B p G B G 
30 B B p p p 
31 G B Ii' B G 
415 336 257 178 
99 2 0  
I I I I I ' 






WEATHER DATA FOR NOVEMBER 
Year 
1971 1972 Day 1973 1974 1975 
1 91 . 6 43 . 7  134 .4 80 . 4  229 . 7  
2 224 .4 45 .6  94 .4  227 . 7 230 . 7 
3 298 . 8  118 . 7  170 .2  165 .4  234 . 8  
4 153 . 7  171 . 5 175 .4 149 . 0  238 . 3  
5 232 . 9 148 . 0  106 . 1 97 . 7  207 . 9  
6 245 . 7  J8 . 9 35 . 9  280 .6  158 . 0  
7 276 . 5 152 . 9  128 . 9 170 . l  148 . 4  
8 251 .2  16J .4 195 .4 41 . 6  160 . l  
9 270 . 0  26 .4  214 . 8 J 8 . 9  154 . 2 
10 225 .J  182 .4 lJJ . O 239 . 8  92 . 1  
11 208 . 3  J7 .6  198 .6  63 . 9  29 . 9  
12 215 .6  41 . l  173 .4  107 . 8  219 . 2 
lJ 151 . 8  88 . 2  223 . 8  110 . 9 179 . 8  
14 37 . 2  247 . 0 168 . 8  85 . 7  206 . 8  
15 174 . 8  68 . 8  42 . 5  203 . 2  147 . 9  
16 2 1 . 8  42 . l  162 .6  245 . 2  208 .4  
17 J0 . 5 2J . O  187 .4 2 12 . 0  lB'i- . 0 
18 103 . 8  56 . 9 141 .4  68 .2  12 . 9  
19 115 . 2  48 . 8  75 . 8  121 . 5  60 . 4  
20 110 . 4  49 .2  13 . 2  165 . 8  45 . 2  
2 1  114 . 1  74 . 1  6J .4  155 .2  202 .4 
22 47 .2  89 . 0  193 .6  141 . l  198 . 8 
2J 158 . 8  218 . 9 68 . 5  J2 . 0  120 . 4  
24 195 . 7  194 . 2  117 . 9  129 . 4  193 · 3 
25  _54 . 0 42 . 8  94 . 7 115 . 0  114 . 8 
26 146 . 1  64 .9  1J2 . 9  llJ . 9  132 . 8  
27 37 - 7  116 . 5  167 . 2 153 . 5 123 . 6  
2 8  62 .4  180 . 6  149 . 8  91 . 8  128 . 4  
29 124 . 2  191 . J 190 . 5 96 .J 176 . 2  
JO  137 . 1  155 .4  188 . 6  10) . 1  146 . 4  
Un i ts = Langleys .per day 
Data = To tal solar radiation for one day for 




Year 1971 1972 Day 1973 . 1974 1975 
1 p B F p G 
2 G B p G G 
3 E p F F G 
4 F F F F G 
5 G F p p G 
6 E B B E F 
7 E F p F F 
·a E F G B F 
9 E B G B F 
10 G F F G p 
11 G B G B B 
12 G B F p G 
13 F p G p F 
14 B E F p G 
15 F B B G F 
16 B B F E G 
17 B B F G F 
18 p B F B B 
19 p B B p B 
20  p B B F B 
2 1  p B B F G 
22 B p G F G 
23 F G B B p 
24 G G p p G 
2 5  B B p p p 
26 F B F p F 
27 B p F F p 
2 8  B F F p 
p 
29 p G G p 
F 
JO F F G 
p F 
JOO 244 i88 132 76 20  or less 
I I I I ' I 






WEATHER DATA FOR DECEMBER 
Year 
1971 1972 Day 1973 1974 1975 
1 70 .4 57 .6  170 .2  100 . 1  158 .4  
2 99 . 8  88 . 9  52 . 5  175 .J 96 . 5  
3 83 .3 122 .3  93 . 7  59 . 9  73 . 6  
4 98 . 0  77 .2  86 . 1  164 . 9 188 . 3  
5 173 ·3 116 . 7 76 . 7 170 . 1  122 . 0  
6 185 .4 240 .2 195 . 0  122 . 2  130 . 0  
7 80 .2 106 . 7  178 .2  102 . 1  142 .4  
8 126 .9  185 .2  118 .2 135 - .5 77 . 0 
9 208 . 5  157 ° 7 136 . 8 165 . 6  63 .6  
. 10 17J . 6  215 .3 96 . 1  162 . 7  49 . 6  
1 1  219 . 7  202 . 7 65 .6 176 . 9 89 . 8  
12 181 . 1  84 . 7  51 .6  117 . 0  64 .4 
13 l lJ . O  129 . 9 165 . 8  22 . 9 J8 . 8  
14 72 . 0  192 .4 177 . 2  14 . 4  78 .4 
15 55 .6  161 . 6 180 .2  65 . 0  158 . 7  
16 141 .4 144 . 1  151 .4  112 . 1  161 . 9  
17 196 .6  120 . 7  56 .4 170 . J 177 . 1  
18 186 .6  85 .2  58 . 6 123 . 1  110 . 7  
19 89 .2 59 .2  200 . l  170 . 8  148 .4 
20  120 . J 50 . 0  172 . 1  1.59 - J 154 . 7  
21  165 . 6  120 . l  151 . 5 57 . 6 128 . 6  
22 68 . 7 139 · 3 132 . 6  84 .2 89 . 2  
23 90 .2  58 . 1  55 . 2  146 . 0  27 .4 
24 48 . 0  J4 . 2  58 . l  111 .4 48 .4 
25  .54 . 1  53 . 1  61 . J  166 . 7  58 .6  
26 lOJ . 6  115 - 7  122 . 8  106 .4  44 . 8  
27 150 . 2  150 . 2  126 . 5  145 . 1  46 .4  
28  218 . 0  151 . 2  172 . 5 150 . 5 _56 . 6 
29 96 . 4  J2 . 9 216 . 9  196 . 9  1J6 .6  
JO  159 · 3 53 . 1  221 . 1  155 .2  127 . 5  
J l  174 .2  162 . 7  246 . 0  158 . 8  44 .4 
Uni  ts = Langleys per day 
Data = To tal solar radiation for one day for 




Year 1971 1972 Day 1973 1974 1975 
1 p B G p G 
2 p p B G p 
J p F p · p p 
4 p p p G G 
5 G F p G F 
6 G E G F F 
7 p F G p F 
8 F G F F p 
9 E G F G p 
10 G · E p G B 
11 E E p G p 
12 G p B F p 
13 F F G B B 
14 p G G B p 
15 B G G p G 
16 F F F F G 
17 G F B G G 
18 G p p F F 
19 p p G G F 
20 F B G G G 
21  G F F B F 
22 p F F p p 
23 p p B F B 
24 B B p F B 
25 B B p G p 
26 p F F F B 
27 F F F F B 
28 E F G F B 
29 p B E G F 
JO G B E G F 
Jl G G E G B 
250 202 1.54 106 58 10 
I I I I I I 







Dai ly weather data . 
OUTPUTS 
Initial probabilities ,  transition probabilitie s ,  and five 
possible weeks . 

















SYMBOLS FOR COMPUTER PROGRAM 
Input data 
A square matrix of input data 
A square matrix shows all classified types of radiation 
intensity ,  such as ll (E ) , 22 (G) ,  JJ (F ) , 44(P) , 55(B ) 
deno tes GL 
denotes FL 
d enotes PL 
denotes BL 
shows ( t-· l ) st day of Excellent type from a given month 
shows ( t-l ) st day of Good type from a given month 
shows ( t-l ) st day of Fair type from a given month 
shows ( t-l ) st day of Poor type from a given month 
shows ( t-l ) st day of Bad type from a given month 
the initial probability of Excellent , P (E ) 
the initial probability of Good , p ( G) 
the ini tial probability of Fair,  p (F ) 




















the initial probability of Bad , p (B )  
sum of Excellent days from . a  given month 
sum of Good days from a given month 
sum of Fair days from a given month 
sum of Poor days from a given month 
sum of Bad days from a given month 
the probabil ity of (T) th day being Excellent and ( T-l) st 
day being Excellent/( T-l)st day being Excellent , or a 
conditional probabil ity 0 P (E/E) 
the probability of (T)th day being Good and (T-l) st day 
being Excellent/(T-l) st day being Excellent ,  or a 
conditional probability ,  P (G/E) 
conditional probability , P (F/E ) , refer to PEG 
conditional probability , P (P/E) , refer to PEG 
conditional probability , P (B/E) , refer to PEG 
sum of ( T-l) st day being Excellent and (T) th day being 
Excellent 
121 
sum of ( T-l) st day being Excellent and ( T) th day being Good 
sum of ( T-l) st day being Excellent and ( T ) th day being Fair 
sum of ( T-l ) st day being Excellent and .( T) th day being Poor 
sum of (T-l) st day being Excellent and ( T) th day being Bad
 
sum of  ( T-l) st day being Excellent and ( T) th day be
ing 
Excellent for each day from the record of five yea
rs 
( refer to PEET) 
sum of ( T-l) st day being Excellent and ( T)
th day being Good 
for each day from the record of five years 
( refer to PEGT) 
sum of ( T-l) st day being Excellent and (
T) th day being Fair 
for each day from the record of five ye
ars (refer to PEFT) 
sum of ( T-l ) st day being Excellent and
 ( T) th day being Poor 
for each day from the record of five y













· sum of ( T-l) st day being Excellent and ( T ) th day being Bad 
for each day from the record of five years (refer to PEET) 
the probability of (T)th day being Excellent and ( T-l) st 
day bein g  Good/(T-l ) st day being Good , or a conditional 
probability ,  P (E/G )  
conditional probability , p ( G/G) , ref er to PGE 
conditional probability , p (F /G) ,  ref er to PGE 
conditional probability ,  p (P/G) , ref er to PGE 
conditional probability , p (B/G) , ref er to PGE 
sum of (T-l) st day being Good and (T) th day being Excellent 
sum of ( T-l ) st day being Good and (T) th day being Good 
sum of ( T-l) st day being Good and (T) th day being Fair 
sum of ( T-l) st day being Good and (T) th day being Poor 
PFE the probability of (T) th day being Excellent  and ( T-l) st 
day being Fair/(T-l )st day being Fair , or a conditional 
probability , P (E/F )  
PFG conditional probability ,  p ( G/F ) , ref er to PFE 
PFF conditional probability , p (FjF) , ref er to PFE 
PFP conditional probability , p (P/F) ,  ref er to PFE 
PFB condi tional probability ,  p (B/F) • ref er to PFE 
PFET sum of ( T-l ) st day being Fair and (T) th day being Excellent 
P�""'GT sum of ( T-l ) st day being Fair and ( T) th day being Good 
PFFT sum of ( T-l) st day being Fair and (T) th day being Fair 
PFPT sum of (T-l ) st day being Fair and ( T) th day being Poor  
PFBT sum of (T-l) st day being Fair and (T) th day 
being Bad 
PPE the probability of (T) th day being Exc
ellent and (T-l) st 
day being Poor/(T-l� st day being Poor , or a conditional 
probability ,  P (E/P 
-
PPG conditional probability ,  P ( G/P) , refer to PPE 
PPF conditional probability , P (F/P) , refer to PPE 
PPP conditional probability , P (P/P) , refer to PPE 
PPB conditional probability , P (B/P ) , refer to PPE 
PPET sum of (T-l ) st day being Poor and (T) th day being Excellent 
PPGT sum of ( T-l ) st day being Poor and {T ) th day being Good 
PPFT sum of (T-l ) st day being Poor and (T) th day being Fair 
PPPT sum of (T-l ) st day being Poor and ( T) th day being Poor 
PPBT sum of (T-l ) st day being Poor and (T ) th day being Bad 
PBE the probability of (T ) th day being F,occellent and ( T-l ) st day 
being Bad/( T-l ) st day being Bad , or a conditional 
probability ,  P (E/B ) 
PBG conditional probability ,  P (G/B ) , refer to PBE 
PBF conditional probability ,  P (F/B ) , refer to PBE 
PBP conditional probability ,  P ( P/B ) , refer to PBE 
PBB conditional probability ,  P (B/B ) , refer to PBB 
PBET sum of ( T-l ) st day being Bad and ( T) th day being Excellent 
PBGT sum of ( T-l ) st day being Bad and (T ) th day being Good 
PBFT sum of ( T-l ) st day being Bad and (T ) th day being F
air 
PBPT sum of ( T-l ) st day being Bad and ( T) th day bei
ng Poor 
PBBT sum of (T-l ) st day being Bad and (T) th day 
being Bad 
zi shows the number of days for a possible we
ek 
PPEE transition probability of E/E , Pr (E/E )
 
PPEC transition probability of G/E . Pr (G/E
) 
PPEF transition probability of F/E . Pr (F/E )  
PPEP transition probability of P/E . Pr (P
/E ) 
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PPEB transition probability of B/E , Pr (B/E)  
PPGE transition probability of E/G , Pr (E/G) 
PPGG transition probability of G/G , Pr (G/G) 
PPGF transition probability of F/G , Pr (F/G) 
PPGP transition probability of P/G , Pr (P/G) 
PPGB transition probability of B/G ,  Pr (B/G) 
PPFE transition probability of E/F ,  Pr (E/F)  
PPFG transition probability of G/F , Pr (G/F )  
PPFF transi tion' probability of F/F ,  Pr (F/F )  
PPFP transition probability of P/F , Pr (P/F )  
PPFB transition probability of B/F ,  Pr (B/F )  
PPPE transition probability of E/P , Pr (E/P) 
PPPG transition probability of G/P , Pr (G/P) 
PPPF transition probability of F/P , Pr (F /P) 
PPPP transition probability of P/P , Pr (P/P) 
PPPB transition probability of B/P , Pr (B/P) 
PPBE transition probability of E/B , Pr (E
/B ) 
PPBG transition probability of G/B , Pr (G
/B )  
PPBF transition probability of F/B , Pr (F/
B ) 
PPBP transition probability of P/B . Pr (P/B
) 
PPBB transition probability of B/B , P
r (B/B ) 
-
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RELIABILITY OF HOURLY WEATHER DATA INPUT 
GENERATED BY USING COSINE CURVE INS'IEAD 
OF ACTUAL IRREGULAR CURVE 
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' To verify the validity of this method of generating the 
regular hourly weather data subject to the cosine curve and the 
energy we need , comparative computer analyses of the performance 
of a solar energy system were performed using two different weather 
inputs . These two inputs only differ in solar radiation , the other 
parameters are the same . Refer to the hourly data input--No . 7 , 
Section A .  The solar energy simulation TRNSYS was used to predict 
the performance of a system consisting of  a flat plate collector ,  
pump , controller , storage tank 0 auxiliary heat load , and a scheduled 
hot water demand (Figure 12 ) . 
Storage 
Tank 
p = Pump 
PC = Pump Con troller 
Figure lJ . 
simulation . 
Schematic of Solar Energy System used
 in TRNSYS 
Load 
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This system examines the performance of a Solar House-
Heating System and the comparison of weather inputs . 
For example . by picking 0Mad ison Weather" as a test case , 
the hourly weather data input was obtained for a week in January , 
say January 8-January 14 . 
A .  The following information is known (assumed) for the system : 
1 .  Fluid --water ( Cp = 4 . 19 KJ/Kg-oc ) 
2 .  Starting day of simulation--8th day of the year 
(January 8) 
J .  Latitude --40 .5° N 
4 .  Co llector 
5 . 
a .  
b .  
2 
So
m Area--Ac = 
Cover transmission-- t= 0 . 82 
c .  Co Hector efficiency factor--Ii' ' 0 .  9 5 
d .  Collector tilt--S = 40° due south 
e .  Flow rate through collector--Mc = 2500 Kg/hr 
f .  
g .  
h .  
1 .  
Number of glass covers--NGC = 2 
Bo ttom and edge loss cofficient-­
UBE = 1 . 5 KJ/hr-m2-°C 
Emissivity of plate ( infrared ) --fp 
Plate absorption-- ol= o . 94 
Storage tank 
m3 
storage tank volume--V = J . 00 a .  
m 
b .  Height--H = 2 . 5 
c .  Tank loss coefficient--U 
0 . 1  
d .  Ambient temperature around tank- -TENV = 21°c 
e .  Fluid densi ty--e= 1000 Kg/mJ 
6 .  Load and Auxiliary (degree--day house ) 
a .  Overall heat transfer coefficient-­
UA = 1200 KJ/hr-0c 
b .  Inside room temperature--Tr - 21oc 
c .  Flow rate through load--M = 2000 Kg/hr 
d .  Heat exchanger effectiveness·-- f = 0 . 4  
e .  Minimum flow capacity--C min = 5000 KJ/hr-0c 
f .  Constant internal generation--Qgen = 3500 KJ/hr 
? .  Hourly solar · radiation , ambient temperature , and wind 
speed values are available listed in the fo llowing data for the 
week January 8-January 14 . 
a .  Actual or Original Data ( shown in Table J4) 
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The values of radiation in parenthesis are on ly for 
the revised data . 
TABLE J4 
WEATHER DATA FOR A WEEK IN JANUARY FOR MADISON,  WISCONSIN 
Wind So lar Ambient 
Month Day Time Speed Radiati2n Temperature . ( hour) (mph) ( Cal/cm ) (OF) 
1 ? 24 12 o . o  J4 
1 8 1 ? o . o 29 
1 8 2 ? o . o 26 
1 8 J ? o . o  27 
1 8 4 7 o . o  28  
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TABLE 34--Continued 
Wind Solar Ambient 
Month Day Time Speed Radiati�n Temperature ( hour) (mph) ( Cal/cm ) 
( OF) 
1 8 5 9 o . o 27 
1 8 6 8 o . o 27 
1 8 7 8 o . o  28  
1 8 8 9 0 .4 ( 4 . 9 ) 28  
1 8 9 4 3 .2 ( 9 .4) JO 
1 8 10 8 7 . 9 ( 13 . 1 ) 34 
1 8 11 3 15 .2 ( 15 . 8 ) 36 
1 8 12 5 18 . 1  ( 17 . 2 ) 37 
1 8 13 18 26 .4 ( 17 . 2 )  37 
1 8 14 22 29 . 9 ( 15 . 8 ) 38 
1 8 15 22 15 . J  ( 13 . 1 ) 38 
1 8 16 16 4 . 0  ( 9 . 4) J6 
1 8 17 17 1 . 1  (4 . 9 )  33 
1 8 18 16 o . o  3 1  
1 8 19 18 o . o JO 
1 8 20 13 o . o 29 
1 8 21 13 o . o  29 
1 8 22 16 o . o  28 
1 8 23 14 o . o  28 
1 8 24 13 o . o  28  
1 9 1 16 o . o 27  
1 9 2 16 o . o  26 
1 9 3 14 o . o  26 
9 4 13 o . o 
26 
1 
1 9 5 9 o . o 
2 5  
1 9 6 10 o . o 
2 5  




Wind Solar Ambient 
Month Day Time Speed Radiati�n Temperature ( hour ) (mph) ( Cal/cm ) (OF ) 
1 9 8 5 0 . 1 ( 4 . 3 ) 25 
1 9 9 5 1 . 7 ( 8 . 3 ) 25  
1 9 10 9 3 . 7 ( 11 . 6 ) 26 
1 9 11 9 8 . 2 ( 13 . 9 ) 27  
1 9 12 9 9 .6  ( 15 . 2 ) 28 
1 9 lJ 5 28 . 3  ( 15 . 2 ) 28 
1 9 14 0 24 . 1  ( 13 . 9 )  32 
1 9 15 3 19 . 0  ( 11 . 6 ) 31 
1 9 16 J 9 , 3 ( 8 . 3 ) 31 
1 9 17 9 3 . 2  ( 4 . 3 ) 28 
1 9 18 9 o . o 27 
1 9 19 10 o . o 26 
1 9 20 13 o . o 22 
1 9 21 12 o . o 20  
1 9 22 13 o . o 18 
1 9 23 10 o . o 17 
1 9 24 14 o . o 17 
1 10 1 13 o . o 15 
1 10 2 14 o . o 14 
1 10 3 13 0 . 0 16 
1 10 4 14 o . o 13 
1 10 5 11 o . o 17 
1 10 6 16 o . o  17 
1 10 7 13 o . o  14 
1 10 8 lJ o . 8 ( 8 . 8 ) 16 
1 10 9 15 10 . 0  ( 16 . 9 )  19 
1 10 10 21 25 . 0  ( 23 . 9 )  23  
1 10 11 19 37 . 5  ( 29 . 3 )  28 
14J 
TABLE 34--Continued 
Wind Solar Ambient 
Month Day Time Speed Radiati�n Temperature 
( hour) (mph) ( Cal/cm ) 
(OF ) 
1 10 12 18 4J . 1 ( 32 . 7) JO 
1 10 lJ 17 44 . 7  ( JJ . 8) J6 
1 10 14 15 41 .4 ( J2 .  7 )  40 
1 10 15 14 J2 . J  ( 29 . J )  4J 
1 10 16 9 18 . 5 (23 . 9) 44 
1 10 17 5 4 o 9 ( 16 . 9 )  4J 
1 10 18 10 0 . 1  ( 8 . 8 ) J8 
1 10 19 9 o . o  JJ 
1 10 26 7 o . o JJ 
1 10 21 6 o . o 32 
1 10 22 5 o . o  JJ 
1 10 2J 8 o . o J5 
1 10 24 6 0 . 0 JJ 
1 11 1 20 o . o 29 
1 11 2 11 o . o 28 
1 11 J 10 o . o  28  
1 11 4 lJ 0 . 0  27 
1 11 5 12 o . o 24 
1 11 6 10 0 . 0  2J 
1 11 7 8 0 . 0 22 
1 11 8 lJ 0 . 1  ( 0 . 8 ) 2 1  
1 11 9 12 1 . 0 ( 1 . 5 ) 22 
1 11 10 12 2 . 2 (2 . 1 ) 
22 
1 11 11 21 J . J  (2 . 5 )  
22 
1 11 12 18 J . 9 (2 . 7 )  
22 
1 11 lJ 15 J . J  (2 . 7 )  
2J 
1 11 14 15 2 . J (2 . 5 )  
2 5  




Wind Solar Ambient 
Month Day Time Speed Radiati�n Temperature ( hour ) (mph) ( Cal/cm ) (OF ) 
1 11 16 14 L O  ( 1 . 5 ) 25 
1 11 17 14 0 . 1  ( 0 . 8 ) 2J 
1 11  18 10 o . o 22 
1 11 19 10 o . o 20 
1 11 20 7 o . o 18 
1 11 21 6 o . o 15 
1 11 22 8 0 . 0 16 
1 11 23 9 o . o 15 
1 11 24 7 o . o  12 
1 12 1 9 o . o 11 
1 12 2 7 o . o 9 
1 12 J 16 o . o 4 
1 12 4 15 o . o  2 
1 12 5 14 o . o  2 
1 12 6 14 o . o J 
1 12 7 8 o . o 1 
1 12 8 6 0 . 4 (2 . 6 ) 0 
1 12 9 18 1 . 7 ( 5 . 1 ) 8 
1 12 10 20 4 . 3 ( 7 . 1 ) 12 
1 12 11 19 5 . 9  ( 8 . 5) 18 
1 12 12 17 7 . 9 ( 9 . 3 ) 22 
1 12 13 13 9 . 3 ( 9 . 3 ) 28  
1 12 14 9 11 .4 ( 8 . 5 ) 31  
1 12 15 5 12 . 7  ( 7 . 1 ) 37 
1 12 16 5 11 . 0 ( 5 . 1 ) 31  
1 12 17 7 o . 8 ( 2 . 6 ) 29 
1 12 18 3 o . o 24 
































































































Radiati�n ( Cal/cm ) 
o . o 
o . o 
o . o 
o . o  
o . o 
o . o  
o . o  
o . o  
o . o 
o . o  
o . o 
0 . 0  
o . 4 ( 10 . 5 ) 
7 . 5 ( 20 . 2 )  
17 . 3  (28 . 2 ) 
43 .2 ( 33 . 9 )  
.54 . 9 ( J  6 . 9 )  
46 . 0  ( 36 . 9 )  
41 . 8  ( 33 . 9 )  
32 . 0  (28 . 2 )  
16 . 8  (20 . 2 ) 
1 . 4  ( 10 . 5) 
o . o 
o . o  
o . o  
o . o 
o . o  
o . o  




































Wind Solar Ambient 
Month Day Time Speed Rad iati�n Temperature 
( hour) (mph) ( Cal/cm ) (OF ) 
1 14 1 16 o . o  31 
1 14 2 17 0 . 0 30 
1 14 3 14 0 . 0 31 
1 14 4 6 o . o 25 
1 14 5 11 0 . 0 29 
1 14 6 13 0 . 0 27 
1 14 7 9 o . o 27 
1 14 8 7 0 . 9 ( 9 . 0 )  23 
1 14 9 11 10 . 8  ( 17 . 3 )  23 
1 14 10 10 26 . 5  (24 . 5) 29 
1 14 11 7 38 . 4 (JO . O ) 37 
1 14 12 8 45 , 0 ( 33 . 4) 39 
1 14 13 4 47 . 0  ( 34 . 6 )  44 
1 14 14 6 41 .4  ( 33 . 4) 44 
1 14 15 7 31 . 8 ( JO . O ) 45 
1 14 16 7 20 . 0  ( 24 . 5 )  44 
1 14 17 6 2 . 3 ( 17 . 3 ) 45 
1 14 18 6 0 . •  1 ( 9 . o )  3 8  
1 14 19 8 0 . 0 32 
1 14 20 12 o . o 39 
1 14 2 1  8 o . o 25 
1 14 22 13 0 . 0 25 
1 14 23 12 o . o  
2 1  
1 14 24 14 o . o  
20 
b .  Revised Data--Cosine variation with the same total 
daily radiation . 
Except for the values of radiation in parentheses , the 
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other parameters in the revised data are the same as tho se in the 
original data . 
B .  The previous information is input to the TRNSYS program . 
The TRNSYS simulation program is listed in the following forms . 
Notes i SOLS--Hourly solar radiation 
TSOLS--Total solar radiation 
Qu--Useful gain of collector 
DELTU--change in internal energy of the tank 
( final--initial ) 
QENV--Losses from storage tank 
Ql.DAD--Total heating energy supplied to the load 
QAUX--Portion of QI.DAD supplied by auxiliary 
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C .  Results 
1 .  'fhe outputs from original data are i 
a .  The enrgy gain . 
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b .  The diagram from the original · data . 
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2 • . The outputs from the revised data are i  
a .  The energy gain . 
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b .  The diagram from the revised data • 
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D .  Comparison of predi cted system performance were made using 
"Original Data" and "Revised Data" as input for a week in 
J anuary , for Madison , Wisconsin 
Diff 
. % -I Original - Revised r · 100 erence in o - 0 i i 1 x r g na · 
Original Data Revised Data Difference in % 
TSOLS 4 . 593 x 104 KJ 4 . 569 x 104 KJ 0 . 52 
QLOAD 4 .254 x 106 KJ 4 .262 x 106 KJ 0 . 19 
E .  Energy balance on the system & 
Q in = E storage + Q out 
i . e • , Qu + QAUX := DELTU + QENV + QI..OAD 
1 .  For the original data 
QU + QAUX = 2 . 756 x 106 � 1 . 927 x 106 
= 4 . 683 x io6 KJ 
DELTU + �NV + QI..OAD = 3 . .  706 x 105 + 5 . 644 x 104 + 4 . 254 
x io6 
= 4 . 681 x 106 KJ 
i % IQ in - (Q out + E storage) ! 100 error n o = Q in x 
= 14 . 683 x 106 - 4 . 6�1 x 106 , x 100 
4 . 683 x 10 
= 0 .  043".fe 
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2 . , For the revised data 
QU + QAUX 2 . 563 x 106 + 2 . 011  x 106 
= 4 . 574 x io6 KJ 
DELTU + QENV + QI.DAD = 2 . 635 x 105 + 4 . 92 x 104 + 4 .262 
x 106 KJ 
error in % 
4 . 575 x 106 KJ 
4 .574 x 106 - 4 . sp x 106 j 
4 . 574 x 10 
= 0 . 022% 
x 100 
From the results of Section D ,  Appendix E ,  the energy 
comparison using two forms of weather data , "Original Data" and 
" Revised Data , "  as inputs to the system resulted in d ifferences 
within 1% .  
From the results of Section E ,  Appendix E ,  the energy 
balance seems to be more nearly .satisfied using revised data 
( typical weather ) rather than original data . The error is very 
small in either case . 
Therefore the system performance i s  about the same whether 
the hour by hour weather data is used or only the total daily 
radiation is  used d istributed over the daylight hours with a cosine 
relation . We conclude that weather variations over periods of 
days are much more important than variation within the span of a 
day . 
